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The construction industry in the Kingdom of Saudi Arabia (KSA) is faced with challenges of 
incessant delays, cost overruns and poor quality. The premise of the research reported here is 
that effective adoption and implementation of Building Information modelling (BIM) can 
contribute to the achievement of the necessary improvement. Against this backdrop, the aim 
of the research was to produce a strategic framework to underpin such adoption and 
implementation. It entailed investigation of the awareness of BIM, the extent of its use in 
KSA and the barriers to its more effective adoption and implementation. A mixed research 
approach was adopted, using a questionnaire survey and semi-structured interviews for 
collecting data. The questionnaire survey was used to obtain information on the awareness, 
barriers, drivers and status of BIM usage in the KSA construction industry, while the semi-
structured interviews were designed to elicit the opinions of professionals and elucidate their 
own experiences in relation to the variables in this study. The data obtained were analysed 
using descriptive statistics, inferential statistics and thematic content analysis. The study 
found that the awareness of BIM in the Saudi construction industry is low and faced with 
inherent barriers that impede its successful application. These barriers were found to be a lack 
of knowledge of BIM, initial and running costs of implementation, a lack of training of 
personnel, and a fear of changing from the traditional methods of construction. The study 
identified strategies that could be used to address these challenges. These include 
enlightenment on the benefits of BIM application; creating awareness of BIM through 
workshops, seminars and conferences; training of workers; and the introduction of 
government intervention to enforce the application of BIM. In addition, this study identified 
the relevant factors that would enable the application of BIM in the Saudi construction 
industry to be meeting client's expectations and the requirement to use BIM technology, and 
using BIM because of the benefits it offers such as cost savings, efficiency, quality and 
increase in productivity. Regardless of these BIM drivers, however, the most important aim is 
to bring the stakeholders to commit themselves and invest in the necessary technology, tools 
and resources in order to improve construction processes. A strategic framework was 
developed to serve as a roadmap for BIM implementation. The framework also encompassed 
the key parties in the process and the specific roles to be played by them. The study 
concludes that the implementation of BIM could improve project performance in Saudi 
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1.1 INTRODUCTION TO THE RESEARCH AND CHAPTER ONE                   
This chapter provides an overview about the research undertaken and its outcome. Further it 
presents the background to the research study. Then the problem statement, the gap in 
knowledge, research questions and the aim, objectives and brief methodology of the research 
are discussed. Subsequent to this, the significance of the research and the research scope and 
limitations are discussed. Finally, the structure and organisation of the thesis are provided in 
the later part of the chapter. To conclude a summary of the chapter is presented at the end.  
1.2 BACKGROUND OF THE STUDY 
One emerging technology and process within the construction industry can be identified as 
Building Information Modelling (BIM). BIM “is an innovative technology, whereby one or 
more accurate virtual models of a building are constructed digitally. They support design 
through its phases, allowing better analysis and control than manual processes. When 
completed, these computer-generated models contain precise geometry and data needed to 
support the construction, fabrication, and procurement activities through which the building 
is realised” (Eastman et al., 2011, p 17).  NBS (2018) add that BIM is a process for 
generating and the managing data as well as information exchange during the project 
lifecycle of a construction project. The most important output of this process is the digital 
description of every aspect of the construction project.  These definitions of BIM encompass 
a great deal, starting from one technology to embracing the whole construction process. 
As BIM involves people and construction project information working together effectively 
and efficiently through defined processes and technology, it is therefore regarded by many as 
a game changer in the construction industry with the potential of integrating all professionals 
to ensure collaborative working on projects through the use of digital technologies. 
Researchers such as Edwards et al., (2015) suggest that BIM enhances life cycle processes 
and a collaborative way of working in the construction industry. Chen and Luo (2014) also 
report that BIM has the potential of transforming construction industry processes of design 
and construction, whereas Singh et al., (2010), define BIM as an IT-enabled method for the 





and maintenance of the building data. Through BIM, the engineering data, schedules and 
design tools can be circulated effortlessly between consultants and that information can be 
modelled in 3D for the total facilitation of construction knowledge all through the lifecycle of 
a construction project (Arayici et al., 2012). 
1.2.1 The Global Construction Industry  
The global construction industry is inefficient, highly competitive, fragmented, cyclical and 
frequently operates on low margins (Yang et al., 2010). The industry is also labour intensive, 
project-specific often underperforms, particularly in the delivery of its construction projects 
(Love et al., 2011). Problems such as a shortage of skills, a lack of research and development 
and its current approach to the usage of tender price evaluations, are widely recognized 
(Meng, 2012).  
Research shows that the same criticism can be made of the Saudi Arabian construction 
industry which is project-specific and involves team relationships that form and disband on a 
regular basis and is associated with many projects that suffer from rampant delays and cost 
overruns.  
1.2.2 The Construction Industry as a Pillar of the Saudi Arabian Economy 
In Saudi Arabia, the construction industry is the largest and fastest growing sector within the 
most strategic country of the Arabian Gulf (MEED, 2010; Samargandi et al., 2013). This 
growth rate notwithstanding, the Saudi Arabian construction industry is young compared with 
developed countries (Al-Otaibi and Price, 2009; Mitra and Tan, 2013). In the construction 
industry of Saudi Arabia, both the public and private sectors are major players. Further, the 
core of the construction industry within Saudi Arabia consists of public construction projects 
such as public roads, buildings, bridges, water infrastructure, domestic housing and facilities 
for recreation and leisure (Al-Shaikh and Chahine, 2010).  
  
Both Shoult (2006) and Mitra and Tan (2013) have observed that within the Kingdom of 
Saudi Arabia, construction has largely developed in tandem with the rapid growth of the 
domestic economy, which has been fuelled by enormous oil revenues. As these revenues 
constitute around 80% of Saudi Arabia’s total revenues, the level of construction activity has 
tended to correlate with oil prices, and can thus be regarded as one of the significant 
components of the national economy (Othman et al., 2006). Saudi Arabia became a member 
of the World Trade Organization (WTO) in 2005, opening the construction market to 





(GDP) in the Middle East (Al-Ajlan et al., 2006; Othman et al., 2006). In addition to this 
achievement, affordable housing is one of the significant demands arising from the growing 
population of Saudi Arabia. Hence the kingdom’s construction industry is poised for record 
growth in the near future (Taleb and Sharples, 2011; Al-jarboua, 2009). However, the 
international construction industry has a major impact upon the Saudi Arabian one, especially 
when there is a major boom in construction activities taking place in the country (Ali and Al-
falah, 2010). According to a report by Forbes Arabia (March 2005) the investment designated 
by the public sector was anticipated to surpass $495 billion US dollars over the next ten years 
from 2006-2015. Subsequently, according to the Oxford Business Group’s Saudi Arabia 
Report (2009), expenditure on over 16,500 ongoing public construction projects from 2009 to 
2016 was estimated to reach $956 billion US dollars. It was reported by the Ministry of 
Planning in 2016 that the construction sector accounted for about 61% of GDP, thereby 
making it one of the most important contributors to the economy (Saudi Ministry of Economy 
and Planning, 2016; Ministry of Finance, 2017). 
 
Accordingly, it can be said that the country’s construction activity has experienced a boom of 
exceptional volume in the recent past, and this is set to continue as the industry undergoes 
rapid infrastructure expansion which includes the construction of new residential buildings, 
cities, airports, public and private buildings, schools, hospitals, roads, highways, bridges and 
dams (Saudi Arabia Ministry of Economy and Planning, 2011; Rashad, 2014; Saudi Ministry 
of Housing, 2014; spa.gov.sa, 2017). As a result of the aforementioned growth of the Saudi 
economy and the corresponding construction, the boom has created opportunities and 
incentives for international investors, construction experts and professionals, consultants and 
engineers to enter the Saudi construction industry, since most of the tendering of Saudi 
construction projects is conducted internationally. This has resulted in filling the gap between 
high demand and low availability through the influx of foreign workers and investment from 
multinational companies. Hence, there are many international consulting and construction 
firms operating in Saudi Arabia which are completely reliant on labour and teamwork from 
foreign countries (Al-Shaikh and Chahine, 2010), as there is a shortage of professionals such 
as contractors, sub-contractors, consultants, and engineers as well as skilled labour in Saudi 
Arabia to handle the huge construction boom in the country (Al-Mutiri, 2016; MEED, 2009). 
 
Although the construction industry has attracted many international construction 
organizations and experts from around the world, the Saudi Arabian construction industry is 





difficulties with procurement or tendering, lack of communication, poor planning, disputes, 
errors, time and cost overruns, changes in design, uncertainties in specifications and plans, 
cash flow problems, equipment and material shortages, and increased maintenance costs (Al-
Sahli, 2011). Such factors add complexities and uncertainties to the reliability of the Saudi 
construction industry (Al-Barrak, 2004; Al-Otaibi and Price, 2009; Mitra and Tan, 2013). Al-
Sultan and Al-Zaharnah (2009) carried out a survey to evaluate the performance of time on 
public sector projects of various types within Saudi Arabia. He found that 70% of these 
projects had experienced delays in terms of the time set for the project schedules. Assaf and 
Al-Hejji (2006) undertook a similar investigation into the projects funded by the Saudi 
Ministry of Housing and Public Works. They outlined 73 delay factors and ranked their 
importance according to the perception of each of the project participants, namely: owner, 
consultant, contractor and labourers. In around 70% of all the Saudi construction projects, 
delay in some form or other was indeed experienced with the accompanying knock-on 
effects. Mohammed (2007) investigated construction projects belonging to the public sector 
in terms of cost and found that more than 60% of the projects studied involved cost overruns. 
Furthermore, there are variations in the quality of public projects amongst government 
agencies because of the disparate methods that are utilized to measure quality and create 
value (Al-Jarosha, 2010; Al-thynian, 2010). 
 
Many authors advocate the benefits of Building Information Modelling (BIM), as it has the 
capability to improve and enhance project efficiency, productivity and the quality of 
construction projects by providing more up-to-date and accurate information, reducing the 
number of incompatibilities and mistakes, and giving an accessible and graphic description of 
a construction project and its distinctive features to all stakeholders (Eastman et al., 2011; 
Azhar et al., 2012). BIM represents a collaborative environment in which the project team 
can work. It starts at the initial design phase, through estimating, scheduling, and project 
management. It begins with the clients requirement’s, architects, planners and engineers, then 
once fully utilized, it involves the whole project team, including the contractor and the client 
or end user. With BIM, the construction industry is beginning to make some fundamental 
changes, not just to the way in which construction projects are “drawn up”, but how they are 
analysed, estimated/budgeted, scheduled, and managed, from conception to close-out, and 





1.2.3 BIM as a New Process and Technological Construction Tool 
It is for the above mentioned reasons that Building Information Modelling (BIM) is proposed 
as a new processes and technological construction tool for combatting the challenges of 
construction, which could go a long way to help address the majority of the given problems 
concerning the Saudi construction industry, as it has been described as the main driver in the 
evolution from the traditional methods of working in the construction industry in over two 
decades (Eadie et al., 2013). Further to this, Saxon (2013) states that BIM is an advanced 
digital technology which consists of a collaborative and innovative working system, thereby 
providing more efficacious methods for the design, creation and maintenance of the built 
environment. Moreover, there is the maintenance of quality of information from inception to 
occupation, operation, and maintenance: in other words, throughout the whole project 
lifecycle (Saxon, 2013). 
As reported in the RICS Building Information Modelling Survey Report (BCIS 2011), BIM 
acts an interface between various different construction professionals for the achievement and 
delivery of complex project goals. Therefore, BIM is defined in the report as a technology 
which helps in the management of information on a construction project. Fundamentally, 
BIM focuses on the support and facilitation of integrated working methods and flow of 
information of a project to the point of its delivery. Further, it also deals with the collective 
use of semantically rich 3D digital building models which illustrates every different phase of 
the construction project lifecycle (Underwood and Isikdag, 2011). Besides this, there are 
numerous advantages provided by BIM technology, such as application scheduling, 
estimation of cost and controlling, control of programme, identification and exclusion of 3D 
spatial conflicts, design analysis support development, consistent drawing preparation, and 
accurate bills-of materials preparation (Robert, 2011).  
According to Turner (1990), the construction industry is an enterprise in which one shows 
confidence in even the most unrefined examples of building construction. During the design, 
construction and management of modern contemporary buildings huge amounts of materials, 
resources and workforce are required over long periods of time. Therefore, the design of the 
architectural building plus the mechanical, electrical and plumbing aspects (MEP) are usually 
complex by nature. Generally, the project commences with the details of the design, then the 
technical specifications, ideas, experiences plus historical data are accepted for reviewing as 
well as appraisal by the project team. Hence, construction professionals such as architects, 





tools to date. Also with BIM there is a greater impact on the project design simultaneously at 
different phases of construction and this has a positive effect on the construction and 
operation of the project. Most importantly, BIM makes it easier to obtain project data on cost, 
time, scope and schedule swiftly from a high-quality, consistent and reliable system of 
referencing (Autodesk, 2007).  
 
Thus, the implementation of BIM technology by construction organisations can be employed 
for reducing project costs in the design and construction phases as well as in the phase of 
project operation, and in addition can maximize the work quality, effectiveness and 
productivity of the construction processes (Kessinger, 2008). Accordingly, BIM is a 
construction industry tool which has emerged as a valuable operational technology through 
which data interoperability can be increased, collaboration between project participants can 
be developed and quality information of construction projects can be achieved. Similarly, it 
can also assist in revolutionizing the design and construction of large infrastructure projects. 
So, due to an increase in the awareness of the use of BIM and its associated technologies, 
many developed countries have made it a necessary requirement to utilize it in their 
construction industry practice.  
1.2.4 Associated Studies  
 
At the time of initiating this PhD research, there had been no comprehensive study conducted 
into this topic area of the use of BIM in the Saudi Arabian construction industry or into how 
the effective adoption of BIM can lead to the transformation of the Saudi Arabian 
construction industry. In the course of this PhD study, Sodangi et al., (2017) and Banawi 
(2017) published the comprehensive findings of their research studies with regard to of BIM 
implementation, awareness and barriers within different sectors of the Saudi Arabian 
construction industry.  
 
Sodangi et al., (2017) based their research upon the level of subcontractors awareness and 
preparedness for BIM implementation in construction projects in the Saudi Arabian 
construction industry by the use of a questionnaire survey only. Whereas, Banawi (2017), 
researched the barriers to implement BIM in public projects in Saudi Arabia, with the use of a 
questionnaire survey and a case study. The difference between their work and this research 
study is that as well as the utilization of a questionnaire survey the author also concurrently 
made use of semi structured interviews and then went on to develop a framework for BIM 






Furthermore, a study has been conducted by Gerges et al., (2017), to determine the present 
status of BIM in the Middle East by exploring the extent of BIM implementation among 
stakeholders in the construction industry. Research has also been conducted by Ahmed et al., 
(2014), their study was aimed at evaluating the awareness and experience levels of 4D 
planning and BIM in the construction industry in Qatar in addition to identifying the likely 
challenges to the general implementation of BIM with the use of a questionnaire survey for 
construction personnel in the construction industry of Qatar. Hussein et al., (2017), conducted 
similar study on the application of BIM technology and to identify the desired benefits and 
challenges that limit BIM adoption within the Iraqi construction industry.  
 
The preceding sections identify and justify research into this topic thereby leading to 
improved construction practices and outcomes. 
1.3 PROBLEM STATEMENT 
Construction is a project-based activity, where every project has a unique environment, and 
the real challenge is to deal with unexpected changes in a flexible manner (El-Sayegh et al., 
2015; Aziz and Algan, 2017). The main barrier for BIM to be implemented and accepted is 
the recognition and execution and operation of BIM by construction organisations, as well as 
a stable framework for BIM implementation which takes into consideration the cost, time and 
managerial outcomes of implementing it (Succar, 2010). In fact, it is the cost and time factors 
that are the obligatory prerequisites, since the adoption of BIM by owners is imminent once it 
has been proven to be effective.  
 
Several studies have been conducted into BIM and its implementation, particularly in the 
developed world, in such countries as the UK, USA, Australia and Canada. These studies 
include Arayici et al., (2012), Won et al., (2013), Smith (2014), Tahrani et al., (2015), Bui et 
al., (2016) and Sreelakshmi et al., (2017). However, unlike the developed world, not much 
research work regarding BIM has been conducted in Saud Arabia. The limited studies 
conducted on BIM do not take into consideration the extent of the use of BIM in the 
construction industry of Saudi Arabia or did they propose strategies for the effective 
adoption of BIM to improve construction operations. It is, therefore, to this end that 
this research is directed. This proposed research aspires to examine and analyse the 
awareness of the benefits of BIM, and the barriers to its adoption, and to propose a 





construction industries of other developing countries that merit the application of BIM, 
to respond to the challenges of BIM adoption.  
 
1.4 THE GAP IN KNOWLEDGE 
There are two major areas with existing gaps in knowledge: the technological and 
sociological challenges which accompany the implementation of BIM process and 
technology in the context of Saudi Arabian construction organisations. Ciborra (2004) as a 
general rule explains the inconsistencies in the understanding of change within organisations 
and technological innovation. For such a consecutive and progressive channel there is no 
involvement of dialogue between downstream organizational processes and technology apart 
from a set of standard engineering processes in Saudi construction organisations (Al Sulaihi 
and Al Gahtani, 2013). Hence, conventionally, at the pre-design stage the main focus is on 
the functionality and performance of a project, and process limitations are seldom taken into 
account. Therefore effective working practices and operational factors such as effectiveness 
of planning, business efficiency, project management leadership, policy and strategy, 
resource management and risk assessment, as well as project lifecycle management processes 
and benchmarking performance, are imperative and should be in place (Usmani and Al-
Ahmari 2012). 
 
So, the main emphasis is currently on the development of new teachings of innovative 
working processes and novel technology, or for the selection of innovative technology to fit 
the context of the construction organisation, and this has been the main approach towards 
applying new innovative working processes as well as the novel technology as BIM 
processes and technology provides several benefits and efficiency gains. These include a 
faster design processes, effective reuse of information and overall client satisfaction 
(Almuntaser, et al., 2018). However, what is more important is that such views from the 
aforementioned authors (Al Sulaihi and Al Gahtani, 2013; Usmani and Al-Ahmari 2012) 
specify the process of the adoption, implementation and use of technology in the Saudi 
Arabian construction industry. Amongst these perspectives are distinguishable gaps in the 
understanding of the mechanisms which generate the conditions for the execution of 
innovative technology (Sodangi et al., 2017; Almuntaser, et al., 2018).  
 
At present Saudi Arabia is facing a construction boom so that the needs of its increasing 





the country’s construction industry is considered to be one of those industries where there is 
less adoption of new innovative technologies in comparison to other industrial sectors. Hence 
there is a need for successful and innovative processes and novel technology to be 
implemented in the construction industry to solve the construction problems faced by Saudi 
Arabian construction organisations. As a result, the characteristics of the Saudi construction 
industry have been presented as the justification for this matter. This predominantly concerns 
the bespoke disposition of the construction industry in general and of its products and 
services and the heterogeneous nature of its boundaries of knowledge along with a project 
team that is transitory (Anumba and Pulsifer, 2010). The new and analytical integrity of the 
development of innovative technological solutions is the reflection of a lingering rollout of 
BIM solutions on projects in the Saudi construction industry (Al-Mutiri, 2016). Indeed, a 
change of technology as well as a change of structure, task and personnel influences the result 
of the implementation of BIM. Accordingly, the study of the Saudi Arabian construction 
industry as a whole and individual Saudi Arabian construction organisations will assist in 
observing how they are influenced and affected by the advent of BIM and the solutions it 
offers through its associated technologies. This confirms the prerequisite of further 
investigation as there is a contradiction in the limited literature of BIM adoption and 
implementation in the Saudi Arabian construction industry, implying a gap of knowledge 
within the environment of the Saudi Arabian construction industry. 
1.5 JUSTIFICATION OF THE STUDY 
The aim of the current study was to investigate the implementation and adoption of BIM 
technology and process in the construction industry in the Kingdom of Saudi Arabia. An 
extensive review of the literature indicated that no previous studies had been undertaken 
specifically with regards to BIM implementation and adoption in the construction industry of 
Saudi Arabia. The goal of the study was to provide insight into the awareness, benefits, 
barriers and strategies to the adoption of the innovative BIM technology within construction 
organisations in Saudi Arabia, given the vast investment in new construction projects. 
According to AlSehaimi et al., (2009), previous efforts to solve the problems in the Saudi 
Arabian construction industry has consisted of the implementation of lean construction and 
its tools which included; preventive maintenance, safety improvement programs, visual 
inspections, continuous improvement programs, daily huddle meetings, total quality 
management, use of prefabricated materials, target value design, concurrent engineering, just-





computerised planning system or ERP, information management system, 5S, six sigma and 
Kanban. However, the lack of lean construction adoption in the Saudi Arabian construction 
industry has been constrained by various factors such as poor equipment, an unskilled 
workforce, and ineffective planning (Sarhan et al., 2017). 
 
Prior to this business process re‐engineering (BPR) which was a new and innovative 
approach in management at the time was introduced to the Saudi Arabian construction 
industry (Abdulhadi, 1997). This approach placed new emphasis on process to improve 
management practice and to improve the quality of work in practice by solving practical 
problems and create new knowledge. Nevertheless, this also failed to deliver due to the BPR 
approach, the tools used, and resistance to change management (Abdul‐Hadi et al., 2005; Al‐
Sultan, 2001). 
 
Considering that, the Saudi Arabian construction project success particularly in the IT sector 
is a mere 48% –according to Alfaadel, Alawirdhi and Al-Zyoud (2012) and Assaf and Al-
Hejji (2006), this posited that the Saudi Arabian construction industry is slow in adopting 
new innovative technologies in comparison to other industrial sectors. Furthermore, Lou 
and Alshawi (2009) found that Saudi construction industry companies are often set in their 
old ways of doing business, and consequently see the change to an electronic environment as 
unproductive. Similarly, Ikediashi et al., (2014) confirmed that Saudi construction 
companies lack knowledge, management and experience in project lifecycles, which 
makes it difficult for them to compete with technologically advanced international 
companies. As such, the industry is faced with inherent problems such as delays in 
execution of work, cost overrun, poor project management, design mistakes and 
discrepancies, design change orders, lack of collaboration among project participants, 
bureaucracy, and poor site management (Assaf and Al-Hejji, 2006). Such factors add 
complexities and uncertainties to the realization of the proposed plans and visions of the 
Saudi construction industry (Al-Barrak, 2004; Al-Otaibi and Price, 2009; Mitra and Tan, 
2012). 
 
Henceforth, data collection and analysis procedures are also justified. Analysis of the data 
from the study provided significant informative data related to current BIM technology 
adoption and implementation practices. This research was therefore justified on the grounds 





i. Develop a framework relating to the strategic adoption of BIM as a process and 
technology (as provided in Chapter 7). 
ii. Offer recommendations for improving the policies, incentives and programmes of the 
Saudi Arabian Government for encouraging the adoption of BIM technology by Saudi 
Arabian construction organisations. 
iii.  Offer recommendations for improving the BIM technology adoption and 
implementation strategies by Saudi Arabian construction organisations.  
 
As Saudi Arabia is for the first time facing a need to optimize its national expenditure in order 
to maximize the value of its spending, ultimately, the central issue to be analysed and 
discussed in this research is how an enhanced understanding of BIM technology, its benefits 
and its implementation in Saudi construction organizations can be gained. 
1.6 RESEARCH QUESTIONS 
In an attempt to fill these gaps of knowledge, this research project is being undertaken to 
answer the following fundamental research questions:  
 
1. What is the level of awareness on BIM in the Saudi construction industry?  
2. How could BIM be successfully implemented in the Saudi construction industry?  
 
1.7 AIM AND OBJECTIVES OF THE RESEARCH 
In order to address these research questions and to make contribution to knowledge which is 
necessary to address the research problem, the aim of the research is to study the extent of the 
use of BIM in the Saudi Arabian construction industry, and the barriers to its use, and to 
propose strategies (including a framework) for the effective implementation or adoption of 
BIM. 
For achieving the research aim, the following objectives are pursued in the study: 
1. to identify the functionalities, implementation, advantages and disadvantages of BIM 
from a comprehensive literature review; 
2. to empirically study the awareness of BIM in the Saudi Arabia construction industry; 
3. to empirically investigate the extent and nature of the use of BIM and associated barriers 






4. to develop and validate a framework for adopting and implementing BIM in the Saudi 
Arabian construction industry; 
5.  to draw conclusions and make recommendations to the Saudi construction industry 
regarding the future use of BIM in order to achieve better construction outcomes. 
 
1.8  OVERVIEW OF THE RESEARCH METHODOLOGY 
This research carried a comprehensive literature review with regard to BIM technology for 
objective 1 (Creswell, 2013). The literature review presents a critical analysis of the Saudi 
construction industry, experiences of the use of BIM technology in the global construction 
industry, and also awareness and barriers to implementing this technology in the Saudi 
Arabian construction industry. Then subsequently the research adopted a mixed methods 
approach through the combined use of quantitative and qualitative strategies by conducting a 
questionnaire survey to study the awareness of BIM technology in the Saudi Arabian 
construction industry for objective 2. 
 Achieving objective 3 involved conducting semi-structured interviews in order to collect the 
primary data. It also entailed the analysis of the collected primary data using inferential 
statistics for the quantitative data and thematic content analysis for the qualitative data. 
Objective 4 consisted of developing a framework specifically implementing or adopting BIM 
technology in the Saudi Arabian construction industry based on the findings of the research. 
Finally, to fulfil objective 5, all of the above-mentioned made it possible to provide 
justification, draw conclusions and make recommendations regarding the future use of BIM 
technology in the Saudi Arabian construction industry. 
1.9 SIGNIFICANCE OF THE RESEARCH 
There are two main issues that drove this research (Alenazi and Adamu, 2017; Sodangi et al., 
2017): 1) the significant contribution of BIM to the Saudi Arabian construction industry; and 
2) the underdeveloped research area of BIM implementation within Saudi Arabia. 
 
The first issue concerns the significant role of BIM technology within the construction 
industry of Saudi Arabia. The main problematic factors of the Saudi construction industry can 
be confronted through the use of BIM and its associated innovative construction technologies 
to support this industry (Alenazi and Adamu, 2017). Many construction industry concerns 
have been addressed through the introduction of BIM in construction, such as the 





with the utilisation of tools and processes associated with BIM; supporting a working culture 
model that is collaborative in nature; overcoming deficiencies in team coordination; 
promoting interdisciplinary collaboration amongst the different types of project participants 
for the optimization of the project delivery processes; and refining the value and efficiency of 
information shared amongst project stakeholders (Azhar et al., 2012; Korkmaz et al., 2012; 
Eastman et al., 2011; Babic et al., 2010; Grilo and Jardim-Goncalves, 2009). 
 
 The use of BIM has flourished in many developed regions, including those of North 
America, Asia Pacific and Western Europe, and is on the increase in the Arabian Gulf 
countries (Gerges et al., 2017).  Pike Research (2012), a consulting team which provides in-
depth analysis of clean technologies in the global market, has characterized BIM as an 
emerging technology that is evolving rapidly. As such it has been predicted that the annual 
revenues from BIM products and solution services worldwide will increase considerably 
from $1.8 billion US dollars in 2012 to almost $6.5 billion US dollars by 2020 (Pike 
Research, 2012). The UK government’s chief construction advisor has stated that the 
introduction of BIM could initiate the integration of the industry’s related technologies, 
which is one of the construction industry’s many challenges (Morrell, 2011). There is also 
great potential for the elimination of waste, which would then decrease costs and see an 
increase in profits as well as encouraging the greater use of offsite prefabrication (IGT, 
2010). 
 
The second issue, mentioned by many different authors, is that numerous barriers impede the 
implementation of BIM (Rosenberg, 2006; Yan and Demian, 2008; Andre, 2011; Azhar et 
al., 2011). Since the implementation of BIM is still a developing and ongoing process in the 
construction industry in general, there are currently no proven guidelines which are suitable 
for any particular types of construction projects. So, for the implementation of BIM, 
extensive study is still a debatable issue. Therefore, the adoption of BIM in Saudi Arabia is 
still lagging behind expectations (Sodangi et al., 2017), as the main causes for resistance to 
the adoption of innovative technologies within the Saudi Arabian construction industry are 
resistance to change, and conflicts against altering traditional methods of working, as there 
are impacts on the culture of project-based organisations in construction projects. Such issues 
emerge from the culture present in the multi-operational organisations engaged in 
construction projects. In addition to this, the process of adoption during a period of transition 
is related to organisational capabilities (BuildingSmart, 2011; Awwad, 2013; Alnaser and 





industries of other countries by adopting change as part of their working culture (Khan et al., 
2014). Change management can be seen to extend the interaction between leadership and 
staff, given the effect of change management on human resources by effecting behavioural 
changes as well as organisational working processes and practices (PMI 2012). 
 
However, due to the implementation of BIM, there is a lasting impact on the working culture 
of project-based construction organizations and the culture prevailing in independent 
organisations. Therefore, in order to successfully implement BIM in Saudi construction 
organisations, the country’s construction industry as a whole needs to be addressing the 
problem of the barriers that hinder its implementation (Mitra and Tan, 2012). And so initially 
it would be a fundamental requirement to comprehend the cultural phenomena and participant 
interactions in the project-based organisations in the new BIM environment. 
1.10 RESEARCH SCOPE AND LIMITATIONS 
The fundamental issue to be investigated in this research is how a greater understanding of 
BIM technology and its implementation in Saudi construction organizations can be gained. It 
is for this reason that the scope of the present research is limited to adopting modern day BIM 
processes and technology with the aim of being productive, efficient and able to deliver 
projects on time and on budget, within the construction industry of the Kingdom of Saudi 
Arabia. Consequently, it is for these reasons that the present research is limited to the 
implementation and adoption of BIM processes and technology within both the public and 
private sectors of the construction industry of Saudi Arabia, with the goal of providing 
comprehensive results that would offer a conclusive understanding of those variables that 
most influence the utilisation of BIM processes and technology to streamline the business 
processes, as well as improve methodologies of site management and the total facilitation of 
construction knowledge all through the lifecycle of construction projects in the Saudi Arabian 
construction industry. Altogether, this research is a detailed and reflective documentation of 
achieving optimum BIM technology usage within the construction industry of the Kingdom 
of Saudi Arabia. 
1.11 STRUCTURE OF THE RESEARCH THESIS 
This research report is organized into nine chapters. Chapter one provides an overview of the 
entire research process. It begins by setting out the background to the research. This is then 





short explanation of the research methodology adopted. This leads to the significance of the 
research. Finally, the summary of the chapter is stated. 
 
Chapter Two reviews the literature regarding the background to the Saudi Arabian 
construction industry. It presents an overview of the literature on the nature and 
characteristics of Saudi Arabian infrastructure, and its importance to economic development, 
and assesses the potential problems that influence the country’s construction industry.  
 
Chapter Three reviews the literature on BIM in the construction industry. The chapter 
presents an introduction to BIM, and then goes on to discuss the principles of how BIM is 
developed to aid projects in the construction industry. It also presents an evaluation of studies 
on how BIM is used in countries across the globe with a specific focus on BIM and the 
construction industry of Saudi Arabia. This chapter goes on further to review the benefits of 
BIM as well as the barriers to its adoption within the construction industry in general, besides 
the challenges of BIM adoption and implementation particularly in the Kingdom of Saudi 
Arabia. 
 
Chapter Four presents the research methodology which has been utilized to conduct the 
research study. Here it discusses the quantitative and qualitative research methodologies 
employed for the study. It also discusses the particular reasons why the mixed method 
approach was embraced. The chapter further states how the different types of data were 
collected for the research and then analysed to address the research objectives. 
 
Chapter Five presents the findings of the quantitative data analysis which was carried out 
using the statistical software SPSS to conduct cross tabulation and correlations to analyse the 
relationships amongst the variables and evaluate the awareness of BIM, and to determine the 
barriers to the use of BIM in the Saudi Arabian construction industry. 
 
Chapter Six presents the findings of the qualitative data analysis which was undertaken by 
thematic content analysis method to establish the issues for the adoption of BIM in Saudi 
Arabia, and other related issues such as the benefits of BIM and the type of strategies to 
support BIM in the construction industry of Saudi Arabia from the viewpoint of Saudi 
construction professionals.  
  
Chapter Seven presents the strategies for implementing BIM in the Saudi Arabian 
construction industry, based on the findings of both the quantitative and qualitative data 





created based on the relationships ascertained from the research findings and the literature 
review is developed. All the component parts of the framework are discussed as to how it 
could be utilized by the whole of the Saudi Arabian construction industry for the adoption 
and implementation of BIM. 
 
Chapter Eight presents the research validation of the findings and an assessment of the 
proposed framework with the expert opinions of Saudi Arabian construction industry 
professionals. 
 
Chapter Nine presents the findings, conclusions and recommendations of the research, 
outlining the key findings contributions, and limitations, making recommendations for BIM 
policies and practice, and also proposing recommendations for future research development. 
 
The structure of this research thesis and the organization of the chapters is illustrated in the 
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1.12 SUMMARY OF CHAPTER ONE 
This chapter has presented an overview of the thesis, with discussions centred on the 
background to the research which aims to study the extent of the use of BIM in the Saudi 
Arabian construction industry as well at studying the barriers to its adoption and proposing 
strategies for its implementation within the Saudi construction industry. This was then 
followed by the problem statement, the gap in knowledge. Further to this, the research aims, 
objectives and overview of the research methodology were briefly discussed. The 
significance of the research and a summary of how the research thesis is structured and 
organized was also presented. 
 
The research will subsequently consist of a critical review of the literature that will form the 
foundation of the research methodology in order to gather primary empirical data for the 
research. The empirical data will be analysed, and the findings will be used to propose 
strategies for BIM adoption and develop a framework for BIM implementation in the Saudi 
Arabian construction industry. Then finally the conclusion, findings and any 
















AN OVERVIEW OF THE SAUDI ARABIAN 
CONSTRUCTION INDUSTRY 
 
2.1 INTRODUCTION TO CHAPTER TWO  
This chapter presents a critical review of the literature of the Saudi Arabian construction 
industry. In this review, the factors which affect its poor performance and the difficult 
challenges that have a negative impact upon Saudi construction projects are identified. This 
has been done in part to fulfil some of the research objectives and to provide a comprehensive 
background to the research subject area. Thus, the chapter begins with an overview of the 
Kingdom of Saudi Arabia; subsequent to this is an overview of the Saudi Arabian 
construction industry and a discussion of the latest major construction and infrastructure 
projects to be initiated in the kingdom as well as the problems being faced. It goes on further 
to discuss the use of computer-based technology and the influence it has had upon the Saudi 
Arabian construction industry and concludes with a summary of the findings of the literature 
review.  
 
2.2 OVERVIEW OF THE KINGDOM OF SAUDI ARABIA  
The Kingdom of Saudi Arabia is a sovereign Arab state located in the Middle East between 
the Arabian Gulf and the Red Sea. It covers a massive geographical area as its growing 
population is spread across a region larger than two million kilometres squared, making the 
kingdom one of the world’s least densely populated countries (Al-jarboua, 2009). Over the 
last forty years the country has grown from groups of traditional villages into a modern 
metropolis of lively cities with the citizens experiencing and benefiting from an advanced 
level of development (Al-Surf and Susilawati, 2011). The largest urban areas are the capital 
city Riyadh, with a population of 7.31 million residents; Makkah, with 7.47 million residents; 
the Eastern Region, which has 4.41 million residents; and Al Medina Al Munawarah with 
1.91 million residents (Ministry of Economy and Planning, 2013). According to the census of 
2012, Saudi Arabia consists of 13 administrative regions. Figure 2.1 illustrates the Kingdom 







Figure 2.1: Map of The Kingdom of Saudi Arabia and its Surrounding Countries 
(Source: mapsof.net/saudi-arabia/saudi-arabia-regions-map, 2017) 
 
2.2.1 Saudi Arabian Law and Constitution 
The central institution of the Saudi Arabian Government is the monarchy, which is governed 
on the basis of Islamic law (Shari’ah). The Council of Ministers, who are appointed by and 
responsible to the king, have the responsibilities of formulating and overseeing the 
implementation of internal, external, financial, economic, educational and defence policies, 
and general affairs of state (Abdulaal, 2011).  
2.2.2 Saudi Arabian Economy 
 
The Kingdom of Saudi Arabia has experienced a high level of economic growth which has 
led to economic prosperity in the country and as a result urban development has increased 
rapidly over the past four decades. The discovery and commercial exploitation of crude oil in 





transformed the traditional societies in the Kingdom of Saudi Arabia into having a standard 
of living and lifestyles that are similar to, if not higher than those in many developed 
countries (Mubarak, 1999). This transformation has been brought about by extensive 
government planning and investment for establishing the social and physical infrastructure of 
the country (Al-Shammari, 2009). 
 
Since December 2005, Saudi Arabia has been a member of the World Trade Organization 
(WTO). This reflects the role of the kingdom as a major player in the international economy 
and as a result its accomplishment in drawing foreign investment into the country (Economy 
Watch, 2011).  
 
2.2.3 Saudi Arabia’s Valuable Natural Resources 
Saudi Arabia has ample natural resources that include crude oil, gas, petrochemicals, mineral 
deposits and precious metals. The country alone reportedly holds more than 21 per cent of 
global oil reservoirs (Saudi Arabia Market Information Resource and Directory, 2011). 
Furthermore, Saudi Arabia’s proven gas reserves stood at 253 trillion cubic feet in 2007. This 
level of proven gas reserves signifies almost 4 per cent of world reserves (Saudi Arabia 
Market Information Resource and Directory, 2011).  
 
2.2.4 Saudi Arabia’s Environmental Challenges 
Saudi Arabia is one of the world’s most environmentally challenged countries, with a harsh, 
hot, dry desert climate. The absence of permanent sources of water (such as rivers or lakes) 
makes the situation even more challenging. The climatic conditions, topography and limited 
water supply have hindered urban development (Al-jarboua, 2009). However, huge efforts 
have been made to face this challenge of water demand, by building 33 desalination plants, 
and hence, Saudi Arabia is the largest producer of desalinated water globally (El-Ghonemy, 
2012).  
2.3 THE CONSTRUCTION INDUSTRY OF SAUDI ARABIA 
The construction sector is a major player in Saudi Arabian industry. Huge infrastructural 
development projects in the construction industry of Saudi Arabia started in the 1970s and 
began to flourish in the early 1980s as numerous different infrastructure projects were needed 
in order to modernize the Kingdom of Saudi Arabia with ambitious plans which would 
provide the infrastructure that was lacking in the kingdom. According to a report by Business 





projects in Saudi Arabia for the upgrading of the housing, hospital and education sectors, 
electrical services, water facilities and road networks over the next decade in Saudi Arabia. 
Successive to this, the US – Saudi Arabian Business Council (2009) reports that the 
construction sector of Saudi Arabia stated that the total number of construction projects in 
progress in the Kingdom of Saudi Arabia were valued at USD $4.9 trillion dollars, and 687 of 
these projects were at the execution phase. Furthermore, according to the government of 
Saudi Arabia in 2013, infrastructure and construction projects were estimated to be worth 
more than SAR 28.6 trillion Saudi riyals (approximately USD $7.63 trillion dollars) and in 
the Arabian Gulf region it is considered to be the largest market for construction (Ministry of 
Economy and Planning, 2013; Al-rashed and Asif, 2014).  
 
As recently as the Spring and Summer of 2017, the Saudi Crown Prince and defence minister 
who also acts as the serving First Deputy Prime Minister, Mohammed Bin Salman announced 
through the Saudi Press Agency (an official Saudi government department) that there are key 
policies and investment programs that should help to boost construction. Under the National 
Transformation Program (NTP) 2020 and the Saudi Arabia Vision 2030, the Saudi 
government plans to develop sea ports, railway lines, airports and manufacturing facilities, 
with the aim of reducing the country’s dependency on the oil sector. Under the NTP 2020, the 
Saudi Arabian government plans to invest SAR 268.0 billion Saudi riyals (USD $71.5 billion 
dollars) for the development of the country’s transport infrastructure and tourism industry. 
Furthermore, under the country’s Vision 2030, the government plans to make Saudi Arabia a 
global trade hub (spa.gov.sa, 2017). Along with this, the Saudi government has also 
announced plans to fund mega large-scale infrastructure projects aimed at attracting foreign 
and private investment. The construction of most of these mega large-scale infrastructure 
projects will be on a Private Finance Initiative (PFI) or Private- Public Partnership (PPP) 
basis. Besides, these mega projects will all be based on sustainable building practices and 
Green Building concepts which encourage design, construction and operation using clean 
energy sources, efficient use of water, improved indoor air quality, sustainable building 
material and connectivity of sustainable infrastructure and buildings (spa.gov.sa, 2017). 








Table 2.1:  Mega Public Infrastructure Projects In The Kingdom of Saudi Arabia 
(2010-2017) 
 
Public Mega Infrastructure Projects to be Initiated in the 
Kingdom of Saudi Arabia 
Construction 
Project Name 
Total Area to be 
Covered 
Cost of Project Project Summary 
NEOM  
Mega City 
This will cover a 
total area of 26,500 
square kilometers 
that stretches from 
northwest Saudi 
Arabia over the 
borders into Jordan 
and Egypt 
 (spa.gov.sa, 2017). 
The project will be 
backed by more than 
USD $500 billion 
dollars from the Saudi 
Arabian government, 
its sovereign wealth 
fund and investors 
from international and 
local levels 
 (spa.gov.sa, 2017). 
The ambitious plan includes a bridge 
crossing the Red Sea and across the 
Gulf of Aqaba close by the maritime 
trade routes which use the Suez Canal. 
Across the three countries this area is 
conceivably the first private business 
zone, consisting of a futuristic 
city which will concentrate on 
industries such as advanced 
manufacturing, biotechnology, energy 
and water, food and entertainment 
activities (spa.gov.sa, 2017). 
Entertainment 
City 
It will be constructed 
in an area of 334 
square kilometers. It 
will be located in Al 
Qidiya, to the 
southwest of the 
Saudi capital city, 
Riyadh. (spa.gov.sa, 
2017). 
The Public Investment 
Fund of Saudi Arabia 
(PIF) will be the main 
investor in the project 
(spa.gov.sa, 2017). 
This project is expected to be one of 
the biggest mega projects of its type in 
the world. It will be the largest quality 
cultural, sports and entertainment city, 
including a safari area. It is aimed be 
an outstanding cultural landmark and 
a significant hub for meeting the 
cultural, recreational and social needs 
of future generations in the Kingdom 
of Saudi Arabia (spa.gov.sa, 2017).  




This will consist of 
the construction of 
luxury exotic eco-
beach resorts on 50 
islands off the Saudi 
Arabian Red Sea 
coast, between the 
cities of Amlaj and 
al-Wajh (spa.gov.sa, 
2017). 
The Public Investment 
Fund of Saudi Arabia 
(PIF) will provide 
initial investment for 
the Red Sea Project 
which will create 
35,000 jobs related to 
development works 
and add SAR 15 
billion Saudi riyals 
(equating to 
approximately USD $4 
billion dollars) to the 
kingdom's economy 
(spa.gov.sa, 2017). 
This will pioneer the diversification of 
the Saudi leisure industry by 
contributing to a positive shift in the 
concept of luxury tourism and 
hospitality in the Kingdom of Saudi 









It is anticipated that 
the project will cover 
approximately 5 
million square meters 
and the development 
will be divided into 
six main parts: new 
homes; social and 
cultural centers; new 
The redevelopment of 
Jeddah’s waterfront 
corniche will be 
financed by the Public 
Investment Fund (PIF) 
of Saudi Arabia. The 
project will contribute 
SAR 18 billion Saudi 
riyals (this equates to 
This project consists of the 
redevelopment of Jeddah’s waterfront 
corniche, to create an exclusive and 
distinctive residential, commercial and 
tourist district, in addition to seaside 
activities in coastal areas, and walking 
routes along an exclusive yacht and 





museums; business  
and innovation areas; 
gardens, leisure and 
sports centers with 
amusement parks; 
and a wide range of 
hospitality facilities 
such as hotels, 
restaurants and cafes, 
and  retail spaces 
(spa.gov.sa, 2017). 
approximately USD 
$4.8 billion dollars) of 








With a total 
development area of 
173 square 
kilometers or 66.8 
square miles, the city 
is located along the 
coast of the Red Sea, 
around 100 km north 
of Jeddah (kaec.net, 
2013;2017). 
This construction will 
cost USD $100 Billion 
Dollars and will 
require a huge amount 
of investment from 
national and also 
international sources 
investment as it is to 
be constructed 
completely on vacant 
desert land 
(kaec.net,2013; 2017). 
It will comprise of schools, hospitals, 
an industrial facility, a port, a 
financial island, beach facilities, golf 
courses, and residential areas. It is 
anticipated that this ambitious project 




The metro network 
will have six lines in 
total, measuring 176 
km in length, and 85 
metro stations. It is 
planned that most of 
Line 1 will be based 
underground. In 
contrast, the majority 
of Line 2 will be 
built on a raised 
platform adjacent to 
a planned freeway  
(bechtel.com/Riyadh-
Metro, 2016). 
Three very different    
internationally based 
consortiums have been 
awarded design and 
construction contracts 
worth USD $10 billion 
dollars each in order to 
design and build the 




The Riyadh Metro network will form 
the backbone of Riyadh city’s new 
public transport system. The metro 
network will also connect the densely 
populated residential areas to all 
public facilities, commercial, medical 
and educational institutions, as well as 
to the King Abdullah Financial 
District, Riyadh downtown, and 
connect the public transport center 
with the King Khalid International 
Airport. This massive project is 




Services in the 
Kingdom of 
Saudi Arabia 
Across Saudi Arabia, 
the rail investment is 
part of the 
largest infrastructure 
project whereby the 
integrated network 
will consist of 19 
railway lines which 




At acost of USD $8 
billion dollars, this 
will be managed by 
the Ministry of 
Finance, while the 
investment will be 





The North-South line connecting the 
capital city Riyadh with Majmaah, Al 
Qassim, Hail, Al Jawf and the 
northern city of Al Qurayyat 
(sar.com.sa, 2017). 
 
Two other Rail projects consist of a 
land-bridge project, connecting the 
eastern and western parts of Saudi 
Arabia; and the Haramain high-speed 
line, which will connect the cities of 
Makkah and Medina with the King 
Abdullah Economic City (KAEC) 
and Jeddah (spa.gov.sa, 2017). 
(Source: adapted from: spa.gov.sa, 2017; kaec.net, 2013; 2017; sar.com.sa, 2017; 
Bechtel.com/Riyadh-Metro, 2016)  
 
These projects therefore illustrate the need for modern day construction working practices by 





organisations and construction professionals that are involved, and to enhance their 
performance by assisting with scheduling, planning and construction management and after 
the completion of the projects in their entirety in the operations and maintenance phase of the 
project lifecycle.  
 
These construction projects require resources from a wide variety of sources, both public and 
private. They are typically very expensive and attract public attention due to their impact on 
the environment, communities, and budgets. They transcend the discipline of engineering and 
require support from people of other backgrounds, including lawyers, politicians, scientists, 
and industrialists. These types of mega-projects introduce a whole new level of complexity 
not found with smaller scale engineering projects (Fiori and Kovaka, 2009), but they are 
required in Saudi Arabia as an incredible amount of new infrastructure is needed to support 
the country’s burgeoning economy. There is also a continuing need for huge industrial 
development projects in the private sector. This is especially true as there is a need to 
diversify the nation’s oil-based economy from the oil and petrochemicals industry, with high 
global energy demands increasing the need for Saudi Arabian investment in other sectors (Al-
Tunisi, 2007). As such, these projects, such as the NEOM Mega City and King Abdullah 
Economic City, would enable Saudi Arabia to create additional value from its petroleum 
resources. 
 
Furthermore, according to the research conducted by Al-mohawis et al. (2005), over the last 
decade the Saudi construction industry has contributed about 40 billion Saudi riyals to the 
national GPD, as well as employing approximately 14.4% of the total workforce in the 
country. With respect to the total national output, the GDP of the Saudi Arabian construction 
sector has been steadily increasing since the end of the 1990s (Al-ahli, 2004). The Five Year 
National Development Plans were designed to develop the kingdom's basic infrastructure. 
Through these detailed ambitious plans, it was aimed to develop the country’s industrial, 
urban, religious and civic infrastructure (Al-thabt, 2013). At the end of each Five Year 
National Development Plan between 1980 and 2000, there was a contribution by the Saudi 
construction industry of between 30% to 40% of the non-oil productive sectors, as stated by 
Saudi Ministry of Economy and Planning (2009). Moreover, under Vision 2030, the 
government plans to increase the private construction sector’s contribution from 40% of the 
country’s GDP in 2015 to 65% by 2030 (spa.gov.sa). Therefore, during the last 60 years, 
Saudi Arabia has experienced an unprecedented construction boom due to its continued rapid 





infrastructure throughout the kingdom. Hence as a result, the Saudi Arabian construction 
industry has been a major force in the development of the economy.  
 
2.4. HOW CONSTRUCTION PROJECTS ARE CURRENTLY PROCURED IN THE 
KINGDOM OF SAUDI ARABIA  
The Government Tenders and Procurement (GTP) law in the Kingdom of Saudi Arabia was 
introduced by the central government in 2006, by Royal Decree M/58 of 1427 (2006). The 
government construction procurement system illustrates that there are three different types of 
procurement methods for government public sector construction projects in Saudi Arabia. 
These are known as Public Procurement Competitions, Direct Purchases and Specific 
Purchases. 
The latter two procurement methods are for unique and special items only (Ministry of 
Finance 2006). Figure 2.2 below clearly illustrates the different types of government 
construction procurement system in Saudi Arabia. 
 
Figure 2.2: Different Types of Government Construction Procurement Systems in Saudi 
Arabia  
 
(Source: adapted from the Saudi Ministry of Finance, 2017) 
All works or services that need to be procured must be put out to public tender, unless 
exempted by the Procurement Law (Article 6). Both local and international companies 
interested in bidding on a government project are required to make themselves known to the 
specific government agency/ministry offering the project. This enables companies from the 
construction business to apply for involvement in building projects even if they are from 
outside the kingdom (Article 70) (Alofi et al., 2016; Ministry of Finance 2006). When a 
construction project becomes available in the form of a tender, the government 





invites them to bid for that particular project. The Saudi Government Tenders and 
Procurement Law (GTP) insists that all government bids are to be announced in the official 
Gazette (Arabic), in two local newspapers, and in the electronic media. After that, a 
competitive tendering process takes place among contractors which requires them to submit 
their tenders within a specific time. A direct head-to-head competition then occurs between 
the contractors, which drives the search for competent and innovative companies, making the 
client representative’s job to appoint one of them extremely demanding (Al-Sedairy, 2001). 
The Ministry of Finance (2006) stipulates that the only language of communication is Arabic. 
Hence, all contracts, task schedules, determination of specifications, drawings, and all 
correspondence must be communicated in Arabic. The contractors rating is an indicator to 
determine the competency and capabilities of the contractor (financial, technical, managerial 
and operational capability). According to the tender regulations, preference is given to 
companies of Saudi origin which satisfy the requirements of the procurement and meet the 
national policy of encouraging national investment and enterprise. The law also specifies the 
method and process of competitive tendering selection on price and, therefore the number of 
competitors is usually narrowed down. Thus, by and large, the ‘lowest price’ or ‘lowest 
construction cost’ is the most usual criterion for appointment of contractors by project owners 
(Article 21) (Alofi et al., 2016; Ministry of Finance 2006). The Saudi Arabian government 
does not allow contractors to win government projects unless they prove that the project 
corresponds to the capabilities of the contractor (Ministry of Municipal and Rural Affairs, 
2010). However, in practice, the contractors are selected only based on the lowest price, so 
the majority of contractors are not qualified. 
As a result, the common approach to procurement employed in the Saudi construction sector 
is the traditional design-bid-build (DBB) project delivery method. Idoro and Iyagba (2008) 
describe DBB as the method in which a project is separated into design and construction 
phases, which means that construction can start when the design is completed. Arain (2002) 
reported that conventional procurement practice in the Saudi construction industry does not 
involve the contractor in the design conceptual phase. Furthermore, other factors that affect 
the performance of Saudi Arabian public construction projects is the Saudi Arabian 
construction procurement system delivery method, which shows that the contractors have 
been selected only based on the lowest price.  In addition, the majority of contractors who 
have been chosen are not qualified and are low performers (Alofi et al., 2016). According to 





price bids in the Saudi government bidding system. Al-tolany (2013) states that the use of the 
Saudi Arabian procurement system causes many problems and delays in construction 
projects. 
Similarly, Al-otaibi et al. (2013) identified the current procurement practice used in Saudi 
construction as one of the critical failure factors contributing to the under-achievement of a 
construction project’s performance. Padhi and Mohapatra (2010) claimed that past work 
performance of contractors is not taken into consideration during the selection procedures, 
and thus the project will be delivered with poor quality because of the contractor’s poor 
record of past work performance. Figure 2.3 below graphically illustrates the handling of 
construction proposals in the Saudi Arabian construction industry. 
 
Figure 2.3: Handling of Construction Proposals in the Saudi Arabian 
Construction Industry 
(Source:  adapted from the Saudi Ministry of Finance, 2017) 
 
Consequently, the current construction procurement methods generate much wastage of large 
expenditure on failed and incomplete projects, particularly with respect to factors such as 
time loss, delays, cost, quality, failure rate, re-tendering, and litigation cases. Hence the 
current practice of the tendering process is not efficient. The recent 2030 vision plan 
announced by the government of Saudi Arabia encourages all sectors to be creative, efficient, 
and environmentally responsible (Banawi, 2017). Technology such as Building Information 





the final outcomes. Nevertheless, the use of BIM on public sector construction projects in 
Saudi Arabia has not been made mandatory by the Saudi Arabian government, neither has it 
been widely adopted by construction organisations within Saudi Arabia (Al-Hammadi, 2015). 
 
2.5 PROBLEMS INHERENT IN THE SAUDI ARABIAN CONSTRUCTION 
INDUSTRY  
Construction projects in Saudi Arabia are often hampered by inherent risk and uncertainty, 
usually due to the varying project environment (Jadid, 2013). Therefore, the completion of 
the construction projects becomes challenging, as problems such as time overruns, delays, 
cost, quality and safety issues, changed orders and labour-related issues are common and 
often cause considerable losses. This situation is because of the nature of design and 
construction processes that consist of dynamic interactions amongst the different parameters 
such as the attributes of project, constraints regarding the site conditions, participant 
experience and cost (Lee et al., 2006).  
Henceforth one of the main factors involved for the exceptionally high rate of construction 
development and infrastructure projects in Saudi Arabia is the presence of vast areas of land, 
totalling approximately 2,260,000 square kilometres, while another factor is the adoption of 
policies achieving the necessary national development in a short span of time given the 
geographic, social and economic characteristics that have influenced the pace of socio-
economic development within the Kingdom of Saudi Arabia (Al-thabt, 2013), such as 
supporting the new lifestyle and welfare standards adopted by the kingdom as well as the 
increasing rate of the country’s population. The population in Saudi Arabia increased from 
around 7 million in 1974 to more than 25 million in 2009 (Ministry of Economy and 
Planning, 2009). Consequently, a large number of infrastructure projects have been required 
in order to fill the gaps where the infrastructure was lacking, according to the ambitious 
national development plans to modernize the kingdom (Al-Sobieh et al., 2005). 
 
It was the Seventh Development Plan (2000-2004) that resulted in the initiation of large-scale 
privatisation programmes by the government in which fully private construction projects 
were established and many Public-Private Partnerships were formed (Ministry of Economy 
and Planning, 2009). Within this period, new commercial banks were introduced, and major 
privatisation schemes were initiated. As such, there was a change in government strategy due 





a major share of investment or funding responsibility was given to private investors (Molnar, 
2003).  
 
The Seventh Development Plan (2000-2004) also proposed mechanisms to be adopted for 
achieving project funding which included the involvement of foreign investors and the setting 
up of Public-Private Partnerships. All the characteristics of Private Finance Initiatives (PFI) 
(such as innovative design, performance quality, transfer of risk, sustainability, application of 
life-cycle cost, efficiency in accountability, monitoring, management and operation of 
infrastructures services) when taken as a whole make PFI a significant procurement system to 
serve as a tool to develop the Saudi construction industry through innovative improvement 
processes (Al-Saudi, 2011).  
 
In particular, the objectives of Saudi Arabian public clients are to obtain a high-quality 
construction project through quality contract documents and quality construction. During the 
construction boom in the early 1980s in Saudi Arabia, quantity and speed were essential 
needs then, but currently time, cost and quality are much more important (Al-sapan et al., 
2012; Bubshait, 1992). Hence, the Ministry of Economy and Planning is now increasingly 
focusing on these three as the most important construction project objectives to be achieved 
(Al-sapan et al., 2012). 
 
Nevertheless, there are also many challenges in relation to the measurement and evaluation of 
the performance of the construction projects in the public and private sectors of the Saudi 
Arabian construction industry (Al-Otaibi and Price, 2009). Thus, according to Mitra and Tan 
(2013), these problems are integral and characteristic of construction projects in Saudi Arabia 
because of ineffective planning, changes in design, poor approval control, shortage of labour  
(in particular, the lack of a skilled workforce), lack of control by project managers, owner 
payment delays, and inadequate levels of productivity, as well as cash flow problems. 
Furthermore, according to the report by the Middle East Economic Digest, MEED (2005), 
there has been a severe shortage in the availability of contractors, consultants, engineers and 
skilled labour for handling the huge construction boom in the Kingdom of Saudi Arabia. As a 
result of these shortages, many construction projects were overseen by international 
consulting and construction organisations who began to operate in Saudi Arabia, as the 
tendering of Saudi construction projects was being done internationally. Consequently, due to 
the low availability of local workers, multinational construction companies and foreign 
workers filled the gap in this high demand in the Saudi construction industry (Al-Shaikh and 





being eliminated by the influx of foreign workers. However, the working practices and 
methods of conducting business and use of technology of all the multinational construction 
companies, international consulting and construction organisations were disparate and varied 
greatly. Large discrepancies were due to differences in the backgrounds of the construction 
organisations, as well as their business culture, quality measures and management techniques 
(Mohammed, 2007; Al-Sobieh et al., 2005). Accordingly, problems were raised relating to 
project design, procurement, health and safety, quality management and an increase in 
construction risks and delays, which then tended to increase the overall construction costs. 
These operational factors complicated matters and added uncertainties to the planning, 
design, construction and reliability of the Saudi construction industry (Al-Otaibi and Price, 
2009). Successively, the phenomenal boom in construction projects and the required demand 
for their faster completion became challenges for the Saudi Arabian construction industry 
(Al-Sobieh et al., 2005; Jaweed 2004; Al-Khalil and Al-Ghafly 1999; Amjad 1998; Assaf et 
al., 1995; Ubaid, 1991; Al-Sultan 1987).  
 
Generally, the problems faced by the construction industry differ from one project to another, 
depending on the attributes of the construction project (Al-Barrak, 2004). However, the 
majority of public construction projects have faced problems in Saudi Arabia, and 30% of all 
these projects have failed to be completed on time (Sambasivan and Soon, 2006). Al-Suliman 
et al. (2012) give examples of poor performance in the Saudi Arabian construction industry. 
Al-Barrak (2004) reports that insufficient and ineffective planning and scheduling is the 
major cause of delay in construction activities in Saudi Arabia as a result of which there may 
be problems in management, an increase in cost, impediments in the execution of the 
construction work and lack of coordination between the team members (Jacobson and Choi, 
2008). According to the findings of Assaf and Al-Hejji (2006), approximately 70% of large 
construction projects in Saudi Arabia have suffered from time overruns. Based on their 
findings from project clients, they stated that the main causes of construction delay in Saudi 
Arabia included lack of labour and skills, design errors, and the slow progress of contractors.  
Assaf and Al-Hejji (2006) and Al-Kharashi and Skimore (2009), subsequently went on to 
state that the client, consultant and contractor are the main contributory parties to the 
execution of a construction project and many causes of critical delays in construction projects 
can be linked to them. 
 
Moreover, a research study on the Saudi Arabian construction industry by Al-zara et al., 





projects are due to several causes such as financial issues, procurement, incompetent 
teamwork, lack of site management and supervision, and insufficient contract 
standardization. These problems have been summarized in Table 2.2 below. 
 
 
Table 2.2: Construction Performance Problems in The Kingdom of Saudi Arabia 
 







Unsuitable criteria and processes for pre-selection of 
contractors, indefinite labour skills in contract, inadequate 
penalty clause in the contract, lack of speed in contractor 
performance and owner approval, insufficient accuracy in 




Inadequate cost indexes used by owners for estimation of 
cost, lack of accurate cost estimation by contractors, 
unnecessary loading on the contractor, inadequate labourer 
food support by the contractor, lack of good performance by 
labourers, unsuitable schedule of payment, lack of budget 
from owners, insufficient information between owner’s 
building and financial departments. 
 
Lack of site management 
and supervision 
 
Underrated leadership and supervision skills, inadequate 
communication between supervisor and contractor, 
insufficient direct supervision by owner, and inadequate 




Ineffective communication between contractor, owner and 
teamwork, illiterate labourers, overrated capabilities of 
teamwork from contractor, inadequate knowledge by 
contractor of local climate and environmental factors, 
inadequate training programmes for team, insufficient team 
encouragement, lack of team loyalty, dispute between 
owner and contractor over team abilities, lack of team 
accommodation on work site, unsuitable choice of 
teamwork and labourers by contractor, lack of knowledge of 
teamwork with modern technology. 
(Source: adapted from Alzara et al., 2016; Al-Hammad, 1995) 
 
 
Furthermore, Al-Hammadi and Nawab (2016) and Jadid (2013) attribute ineffective and poor 
performance of the Saudi Arabian construction industry into managerial, expansion, financial 
and environmental factors. Haponava and Al-Jibouri (2009) have suggested that there is a 
lack of available techniques or mechanisms to be used for monitoring and controlling 
projects, as in the case of Saudi Arabia, and that even though some improvements have been 





projects during the pre-implementation stage, as well as failure during the execution of 
projects, are still significant challenges faced by on-going construction projects within the 
country (Haponava and Al-Jibouri, 2009; Al-Hammad, 1995).   
 
2.6 COLLABORATION AND INTEGRATION IN THE SAUDI ARABIAN 
CONSTRUCTION INDUSTRY 
From a construction perspective, integration normally refers to collaborative working 
practices, methods and behaviours that promote an environment where information is freely 
exchanged among the construction parties (Baiden and Price, 2011). Integration and 
collaboration in the construction industry are known to improve productivity and efficiency 
in this industry as well as improving project delivery team performance (Shen et al., 2015; 
Egan, 2002). According to an industrial survey carried out on the Canadian construction IT 
industry by Froese et al., (2010), “the most frequently identified issue is related to 
collaboration which includes communications, document management, and interoperability.”  
From the same survey, on a question related to “the trends in information technology that will 
be important for the construction industry over the next 10 years”, the strongest response was 
for “Web-based collaboration and project management systems” (67%), followed by 
“integration of software tools across the project lifecycle” (43%) (Froese et al., 2010, p819).  
Due to the complexity of the construction industry, the multiple phases of the construction 
project life-cycle, and the involvement of multidisciplinary teams, integration becomes an 
important and imperative step to achieve efficient and effective collaboration (Ibrahim et al., 
2011). Therefore, this calls for interoperability within the construction industry as a whole. 
However, interoperability problems in the construction industry stem from the highly 
fragmented nature of the industry and are further compounded by the large number of small 
companies that have not yet adopted advanced information and communication technologies 
(Gallaher et al., 2014). 
With the rapid advancement of information and communication technologies, particularly 
Internet and Web-based technologies over the last 20 years, various types of systems 
integration and collaboration technologies have been developed (Shen et al., 2015). 
Nevertheless, it is only recently that the construction industry has started to adopt software 
systems that support and promote the concepts of integration and interoperability (Halfawy 






Furthermore, nowadays is seen as the time for the Saudi Arabian construction industry to 
embrace new ways of working if it is to continue to be competitive and meet the needs for its 
infrastructure demands (Banawi, 2013). Collaborative working within this industry is 
considered to be essential if construction project management teams are to consider the whole 
lifecycle of the construction process (Al Najem et al., 2012). Much of the work undertaken in 
the Saudi construction industry on collaborative working has focused on computer-aided 
design, and knowledge management alone (Alrashed et al., 2014). 
 
 Yet in reality, within the Saudi Arabian construction industry there is a need for the uptake 
of collaborative technologies, in which everyone involved in a construction project has access 
to the same information (Banawi, 2013). The owner, the project team, design consultants, 
general contractors and subcontractors can work together to ensure real-time information 
exchange, resulting in effective decision-making and increased ability to deliver projects on 
time and within budget. Since this is generally not the case, it is not uncommon to see Saudi 
Arabian construction organisations still relying largely on paper-based processes (Sodangi et 
al., 2016). 
 
Consequently, the fragmented and adversarial nature of the Saudi Arabian industry is limiting 
the potential for integrated construction project teams with open communication and 
information exchange (Banawi, 2013). As sharing information is viewed as a key indicator of 
team integration practice, the challenge is to ensure that the correct construction information 
reaches the appropriate person at the right time for construction projects in Saudi Arabia 
(Alshawi and Faraj, 2012). Thus, integration and collaboration are considered vital to the 
process of project delivery in construction and in achieving maximum value. Yet, despite 
advances in technology with the use of web collaboration tools, the level of integration 
amongst stakeholders is low, which limits the ability to add value in the early stages to 
projects in the Saudi Arabian construction industry (Sodangi et al., 2016; Alrashed et al., 
2014; Banawi, 2013).  
 
2.7 THE USE OF COMPUTER-BASED TECHNOLOGY IN THE SAUDI ARABIAN 
CONSTRUCTION INDUSTRY 
The IT revolution of the 21st century has led to the evolution in computer science and 
information technology, which is changing the work process of most industries (Chan, 2014). 
The use of IT in construction is now a necessity. Most construction processes now rely on IT 





(Sarshar and Connolly 2013). The benefits attainable with IT, such as improved 
communication, efficiency, quality and competitive advantage, are undeniable and cannot be 
over-emphasized (Lautanala et al., 2013).  
Anumba et al., (2008), state that construction is an information intensive industry, and the 
adoption of information and communication technologies (ICT) with regard to information 
delivery is the key to better management and implementation of construction projects. This is 
consistent with Al-Maatouk and Othman (2017) who emphasize that there is now a global 
realisation of how important it is to implement and integrate information technology in the 
construction process in order to reduce cost and achieve more efficient projects, since this 
allows for specific project objectives to be achieved, such as determined project time, 
allocated cost, quality and safety of the construction projects, integrated data exchange, cost 
savings, efficient and effective decision-making, and achievement of better competitive 
advantages within the construction industry (Abedi et al., 2014). Consequently, information 
technology (IT) is a significant tool for supporting the construction industry with the required 
coordination and effective communication in addition to creative and intelligent ways of 
collaborating (Lang et al., 2012).  
 
Al-Maatouk and Othman (2017) go on to state that the adoption of ICT creates the potential 
of a best practice model for increased collaboration between construction project teams 
because all the project team members and stakeholders are styled into a common way of 
working. As well as creating the opportunity to simplify and streamline communication and 
interdepartmental coordination, new modes of teamwork are supported and in many instances 
total process re-engineering within the construction organisation is achieved. Hence it would 
be accurate to describe the adoption and utilisation of ICT as essential for effective 
collaboration in the construction industry, as it reduces the time required for data processing 
and information sharing. It also improves the overall project operations through 
communicating the relevant information, which results in effective coordination and 
decision-making (Underwood and Khosrowshahi, 2012). 
 
The adoption of computer-based technologies in the Saudi Arabian construction industry has 
been slow in aiding and reinforcing the processes of design and construction.  There is also a 
lack of any research studies or official statistics on the effective use of computer and 
Information Technology usage in the construction industry of Saudi Arabia (Shash and Al-





Since Information technology (IT) can play a crucial role in dealing with the challenges of 
construction projects, Sidawi and Al-Sudairi (2014) have illustrated the importance of using 
technological advancements in computer and IT technologies in order to improve the 
performance of construction projects in Saudi Arabia. Sidawi and Al-Sudairi (2014) go on 
further to emphasize that nowadays almost all Saudi Arabian construction organisations are 
well advanced with regard to the use of computers and ICT technology and have a more 
realistic understanding of the impact that Information Technology has on the construction 
industry. 
Yet despite the fast developments in IT and the creation of many IT applications for the 
construction industry, some issues still hinder the applicability of these systems in the Saudi 
construction industry. For instance, there is a problem with regard to the diffusion of IT in the 
construction industry and the absorption of IT into work practices. This includes the level of 
strategic IT investment by construction industry firms (Al-shawi et al., 2009). Other barriers 
include IT technical shortages, deployment of the system on an ad hoc basis, isolated project 
management practices, and costly systems (Sidawi and Al-Omairi, 2010).  
The advancement in computers and information technology used in business and by lay 
individuals has significantly changed the world. Computer Aided Design (CAD), the Internet 
and the World Wide Web (WWW), Email and Electronic Data Interchange (EDI), Web-
based Project Management Systems (WPMS) and hand held mobile systems which 
incorporate mobile tools, personal digital assistants (PDAs), wireless tools, 3D virtual reality 
and other technologies have brought significant changes into the construction industry, and 
construction organisations are now assessing how to avail themselves of the benefits these 
offer (Sidawi et al.,2013; Al-sahli, 2011). 
Additionally, Computer Aided Design (CAD) is the conventional computer software tool 
supporting the solution to construction design problems. The use of complex 3D modelling 
and coloured graphics in CAD tools in the mid-1990s has improved Saudi Arabian 
construction organisations (Jadid and Idrees, 2007). Prior to the introduction of CAD, all 
aspects of building design in Saudi construction organisations were carried out manually by 
two-dimensional (2D) hand-drafted drawings which were mostly referred to as traditional 
drawing practices (Al-rashed et al., 2014; Al-sahli, 2011). Since then, the positive effects of 
CAD have been seen, as it has influenced the education sector, construction-related research, 





(Sarshar and Connolly 2013; Al-shawi et al., 2009). The usage of CAD has become a 
component of computer-based technology within the construction industry and architectural 
organisations in the country. As a result, universities and colleges have also contributed to the 
preparation of a workforce that is skilled in using and operating CAD in the construction 
industry of Saudi Arabia (Al-rashed et al., 2014; Al-sahli, 2011). 
There have been rapid developments in computing technologies and the invention of many IT 
software applications specifically for the construction industry, such as project planning 
software which includes Primavera, Microsoft Project, GEST, ICON and JobMaster. CAD 
applications are of varying types: examples include AutoCAD, ArchiCAD, MiniCAD and 
FastCAD (Al-sahli, 2011), while Snape PLT/Vector software, Vector, RIPAC, CATO, 
WinQs, CatoPro, MasterBill, QS Elite, Snape Vector and FBS-Estimator, Esti-Mate and 
PRESTO are just some of the Quantity Surveying dedicated software available. However 
unfortunately, these technologies have not been used to their full potential, for construction 
project management purposes in the Saudi Arabian construction industry (Sarshar and 
Connolly 2013; Al-shawi et al., 2009). This highlights the challenges in relation to the 
adoption of computer-based technologies and diffusion of ICT into the working practices of 
the Saudi construction industry (Al-Otaibi, 2011). As such, the Saudi Arabian construction 
industry should incorporate a strategic level of investment in IT (Al-rashed et al., 2014).  
The justification of IT investments is one that construction organisations are confronted with 
if the IT applications are available. According to Sarshar and Connolly (2013), the 
construction industry is yet to make a positive shift, partly due to under-investment in IT 
developments, the complex nature of information formats and the supply chain arrangements 
within the industry. Lautanala et al., (2013), undertook a research in Finland to analyse the 
maturity of capability of the use of IT in the Finnish construction industry and documented its 
respective benefits and cost. At the end of their research, they found that an increase in 
investment in IT brought about a proportionate increase in benefits over time. Taking these 
findings into consideration, consequently if Saudi Arabian construction organisations were to 
undertake investment in IT they would be able to reap the benefits of the technology 
immediately as well as gain benefits created from such an investment in terms 
of increased profit. 
Furthermore, one of the main forms of ICT to emerge as a novel way of working in the 





practical application of information management in terms of technology and process (Tardif, 
2015; Reddy, 2012; Eastman, 2011). The introduction of Building Information Modelling 
(BIM) has led to collaborative working processes in construction project work that involves 
integrating the various disciplines, thereby increasing efficiency and effectiveness (Succar 
2009). BIM technology allows for the creation of intelligent building information models, 
and this has improved the visualisation, coordination and management of project life-cycle 
information in the construction industry (Singh et al., 2011). The process allows the project 
team to work effectively, particularly when identifying potential problems before they start to 
build on site (Porwal and Hewage 2013). 
 
MacLeamy (2012) and the UK BIM TaskGroup (2013) define BIM as a collaborative way of 
working, underpinned by digital technologies which unlock more efficient methods of 
designing, creating and maintaining construction assets. The BIM model, which is a data-
rich, object-oriented parametric representation of the facility, will serve as a repository for 
data which can be extracted and analysed to suit all the different users’ needs throughout the 
entire lifecycle of the building (Azhar et al., 2012). As such it serves as a collaborative 
platform for all stakeholders to share their knowledge resources and information. Sufficient 
information increases communication effectiveness, while effective communication allows 
stakeholders to exchange accurate, up to date and clarified information in order for decision 
makers to form reliable decisions.  
 
AIA (2007) has further identified that BIM is a shared digital representation founded on open 
standards for interoperability. Therefore, BIM demands collaboration as it involves a 
collaborative process and technology. 
 
Hence the collaborative process is one of the key factors for BIM success. The construction 
industry has embraced BIM as a technological, cultural and philosophical concept, reaping 
the benefits such as time and money savings through reduced rework, and enhanced 
understanding of a project through visualisation and collaboration, thereby promoting 
efficiency in the management processes (SmartMarket Report BIM, 2009). 
 
Moreover, the next chapter of this thesis further discusses the associated literature regarding 
Building Information Modelling (BIM) in order to explore, appraise and define the concept, 
and provides information on BIM for the construction industry as a whole and in particular 







2.8 SUMMARY OF CHAPTER TWO 
Due to the high demand for infrastructure projects and their large sizes, a great number of 
construction opportunities have materialized in the construction market of Saudi Arabia. 
However, most of the country’s indigenous construction companies lack the knowledge and 
management experience of delivering large construction projects, and thus many foreign 
construction companies in partnership with local companies deliver projects in the Kingdom 
of Saudi Arabia. Although continuing investment is provided by the Saudi Arabian 
government for the development of the Saudi construction industry, there are many 
challenges arising in the construction project environment due to inherent problems with the 
delivery of the project. These problems usually occur because the criteria for success, such as 
cost, quality, and time, are lacking. The absence of such criteria is due to different kinds of 
factors that include financial difficulties, changes in orders, delayed decisions, obstacles and 
delays in receiving work permits, and inefficient communication between the project team 
members. 
Just as the types of construction projects vary, correspondingly the project designs change 
and become modernized. Demands for advanced engineering skills and specialized materials, 
along with new and improved construction equipment, and sustainability, are increasing too. 
The Saudi Arabian construction industry has been experiencing such extraordinary growth 
that it has encouraged further investment into its construction industry. Nevertheless, the 
Saudi Arabian construction industry has been slow in adopting new and innovative computer 
based technologies. 
Nowadays the advent of computer-based Information Communication Technology (ICT) has 
turned out to be vital to the working practices of construction organisations as well as the 
construction industry in general because it has eliminated many of the inefficiencies that the 
industry has endured as well as improving the productivity of the design process. As a 
consequence, this places great importance and emphasis on the integration and use of 
computer-based technological advancements such as Building Information Modelling (BIM). 






BUILDING INFORMATION MODELLING (BIM) IN 
THE CONSTRUCTION INDUSTRY AND KSA 
 
3.1 INTRODUCTION TO CHAPTER THREE 
This chapter presents an introduction to Building Information Modelling (BIM) as part of a 
comprehensive literature review. It goes on to discuss the basic concepts of BIM in the 
construction industry along with a digital illustration and representation of BIM and the 
evolution of its different stages. The chapter also presents a review of studies on how BIM is 
used in countries across the globe, with a particular focus on BIM in the Saudi Arabian 
construction industry. This chapter also reviews the benefits of BIM as well as the barriers to 
its adoption in the construction industry, and the challenges of implementing it in the Kingdom 
of Saudi Arabia.  
3.2 BULIDING INFORMATION MODELLING 
The emergence of Building Information Modelling (BIM) is the latest advancement in 
computer and information technology for the construction industry and is an excellent tool 
for the exchange of knowledge and information between the various disparate construction 
project disciplines so that there is an effective coordination and integration of the different 
phases of the project lifecycle.  Hence, Building Information Modelling, commonly known as 
BIM, is an integrated digital representation that incorporates all the practical and corporal 
features of the competences of construction planning technology to address some of the 
challenges currently faced by the construction industry (Butkovic and Heesom 2017; 
Underwood and Isikdag, 2010).  
 
BIM has been regarded as an information technology which helps the construction designer 
with archetype design and simulations of the project. Moreover, with the help of BIM, 
recovery, access and maintenance of the information becomes easier than when traditional 
methods are used (Singh et al., 1010). According to Arayici, et al., (2012), through use of 
BIM technology, construction industry issues can be addressed and many advantages can be 
achieved, such as cost reduction, greater efficiency, better quality, increased productivity, 
improved lead times and avoidance of duplication using effective communication with 





projects in the field of construction. As a result, it also helps in achieving the objectives of a 
project through saving time and cost, and improving quality and scope. Besides this, long-
lasting sustainable measures and practices would assist in maintaining the quality of the 
project, by eliminating waste and minimising cost. Similarly, according to BuildingSMART 
(2012), BIM can be defined as a tool which can be used to plan, design, simulate, implement 
and maintain the project data from the initial planning stage to the project execution one. In 
broader terms, BIM can be defined as an integrated process which supports the reprocessing 
and storing of data, statistics and knowledge throughout the development of a construction 
process (Vanlande et al., 2008).  
Galiano-Garrigos (2017), further states the main purpose of the use of BIM in the 
construction industry is to improve the interoperability and association among the 
stakeholders of the competences of the construction process. Again, BIM enables the 
construction industry stakeholders to use a database infrastructure so that all the design and 
building competences can be encompassed with respect to the different perspectives of the 
stakeholders (Arayici et al., 2012). One of the key advantages of this technology is that it 
offers a collaborative system. Moreover, BuildingSMART (2012) refers to BIM as a multi-
disciplinary framework which enables collaboration among the stakeholders in bringing out 
the best quality design while optimizing the costs and minimizing the time of the project.  
3.2.1 The Origins and History of BIM 
Over the past 20 years, BIM has been a universal technology that has been extensively used 
in the construction industry around the world (Quirk, 2012). Considering the ubiquitous 
presence of this term, therefore, it is important to have some knowledge of the history of BIM 
in the construction industry in order to understand the invention of this perfect architectural 
software package that has transformed the way of drafting and designing architecture by 
replacing conventional 2D CAD works (Garber, 2014).  
The history of creating this process and technological solution for the construction industry is 
complicated and the result of a great deal of effort by various players from North America 
and Western Europe. The conceptualisation of this process and technological innovation was 
fortified by Douglas C. Englebart, who in 1962 provided a mysterious vision of the future of 
the construction industry (Wu et al., 2017).  At that time, Englebart predicted that parametric 
manipulation, object-based design, and relational databases for architectural and building 





‘Sketchpad program’ which allowed automated visualisation of the geometric representation 
of a building design (Sutherland, 2003). 
 In this regard, two different methods, known as constructive solid geometry and boundary 
representation, were invented to enable the designers to visualize and represent their design 
outcomes. The Building Description System (BDS), developed by Charles Eastman in 1970, 
was considered to be the very first project leading towards the introduction of BIM (Latiffi et 
al., 2015). This project was developed in order to describe library elements and added to a 
model. Eastman believed that BDS would be helpful for the construction industry 
professionals as it would reduce the costs of drafting and design and would enhance the 
effectiveness of the process by more than 50% (Eastman, 1976). Again, in 1977 Eastman 
developed another project, called GLIDE, which is regarded as exhibiting most of the key 
features of today’s BIM software solutions (Goubau, 2017).  
Later, in 2002, a White Paper entitled ‘Building Information Modelling’ was introduced by 
Autodesk, and other market players such as Bentley Systems and Graphisoft followed in the 
footsteps of Autodesk to become involved in similar types of projects (Autodesk, 2002). On 
the other hand, Martens and Peter (2004) argued that ArchiCAD, which was introduced in 
1987, was considered to be the very first implementation of today’s BIM software because it 
offered the first ever CAD software that could be installed and used on a personal computer 
to make both 2D and 3D visual representations of the design. ArchiCAD was also the first to 
create BIM software solutions to install on personal computers (PC’s) (Martens and Peter 
(2004). 
Since its invention, BIM has been introduced and used by different industry professionals 
such as construction engineers, civil and structural engineers and architects.  BIM systems 
not only create 3D virtual models, but also facilitate the collaboration between stakeholders. 
The principal aim of BIM is the management of stakeholder input throughout the entire 
lifecycle of a project (Motawa and Almarshad, 2015). Figure 3.1 (below) reveals the use of 
BIM by various stakeholders of the construction industry and also shows the trends of BIM 
use throughout the years 2009-2012.  It can be seen that contractors are the main users of 
BIM in the construction industry, followed by architects and then engineers. Again, 
according to the McGraw Hill Construction Report (2012), it has been found that usage of 
BIM by construction companies increased from 28% in 2007 to 49% in 2009, and further 






Figure 3.1: Adoption and Use of BIM by Contractors, Engineers and Architects (Source: 
McGraw Hill Construction, 2012) 
 
Most of these organisations in the construction industry have already abandoned illustration-
based CAD programming and have pushed ahead to apply BIM in the greater part of their 
construction project (Dastbaz et al., 2015). The enormous change in the construction and 
building development industry is moving from an innovation based strategy to a 3D 
decipherable model, which allows the user to check the execution of the plan, as well as the 
development and working data (Eastman, 2011).  
Crotty (2013) states that BIM is a key to the achievement component in innovation and it 
provides various specialized arrangements. The entry of BIM into the construction business is 
a creative change innovation that enables construction procedures to progress. The act of 
designing change, from 2D drawings to 3D digital models, opens up the opportunity to 
assemble the models in the same way as a building is constructed with the development of a 
3D BIM model starting early in the development cycle (Butkovic and Heesom, 2017). BIM 
provides illustrations and perceptions for the construction project that for example allows for: 
how the contractual worker’s prerequisites can be customized and assessed in the early 
planning stages; how the outline choices are considered in terms of vitality, structure, etc.; 
how designers and experts join in the venture procedures; and how the building will develop 














influences these procedures and stages, and further enhances them by permitting other actions 
to take place and checking for errors in plans (Eastman, 2011).  
With BIM innovation, an exact virtual model of a building can be carefully developed. The 
technology produces a visual model that contains the exact geometry and applicable 
information needed in order to assist the development, creation and acquirement exercises 
that are required so as to understand the project design during the planning phase of the 
construction (Eastman et al., 2008). As is illustrated in Figure 3.2 below the 3D visualisation 
is the basic essential feature of BIM. 
 
Figure 3.2: Use of BIM by the Panama Canal Authority 
(Source: McGraw Hill Construction, 2012) 
 
In the expansion project initiated by the Panama Canal Authority in 2007 (refer to Figure 3.2 
above), BIM was adopted and implemented into the expansion project (McGraw Hill 
Construction, 2012). In this project, BIM was primarily implemented in the design phase of 
the project, while it was expected that BIM will be applied into other project tasks such as 
scheduling for the project. 
The San Diego International Airport expansion project known as the Green Build involved 
the construction of new roadways, parking areas, aircraft gates, taxi lanes and runways that 
serve Terminal 2 as can be seen in Figure 3.3 below. Here all the construction works were 
coordinated with the use of BIM right though from the design to the construction phase 






Figure 3.3: Use of BIM at San Diego International Airport Project 
(Source: McGraw Hill Construction, 2012) 
 
The Wisconsin Department of Transportation has ensured that BIM plays a key role in its 
road and highway projects to illustrate the physical features of road design, its associated 
drainage, existing road segments, lanes, curbs, and pavements, as well as slopes and 
elevations, bridges and columns, legal boundaries and rights-of-way as illustrated in Figure 
3.4 below. This has been carried out to accurately simulate and analyse different aspects of 
project performance in order to maximize the Department’s return on investment through its 
use of BIM (McGraw Hill Construction, 2012). 
 
Figure 3.4: Use of BIM on Road and Highway Projects 






However, BIM is not just 3D CAD (Crotty, 2016). In addition, it is more than delivering the 
project documentation in an electronic version (Galiano-Garrigos et al., 2017). It is about 
information use, re-use, and exchange, of which the digital format is just one part. According 
to Eastman (1999), the use of BIM in construction projects at every stage of the construction 
life cycle (pre-design, feasibility study, design, constriction planning, resource management, 
execution, and maintenance) can be seen as a holistic approach.  
3.2.2 The Concept of BIM 
BIM helps to discover any potential risks associated with a design at its early stage, which 
enables the designer to simulate and evaluate any major impact which may occur during the 
project execution stage. Building information modelling enables the designer to build a 
virtual building prior to the construction of a physical one (Smith and Tardif, 2009).  
 
Figure 3.5: Multiple Models That Can Be Implemented with BIM on a Single Project to 
Share Information / Data Between Domains 





As indicated in the diagram above, BIM software is basically a database that is used for 
sharing information and the exchange of data for the various different types of activities to be 
carried out on construction projects as well as for various software applications required 
throughout the project lifecycle to achieve a BIM-based collaborative workflow (Kiviniemi, 
2015). That information stored in the database can be used as needed throughout the 
construction process. Every input and shared piece of information from any third party 3D 
modelers, or contractor’s staff (such as structural engineers, architects, or civil engineers), 
and subcontractor staff (for instance, electrical engineers, or drawing engineers) is very 
important in order to produce an amalgamated model which is then integrated into the BIM 
software. All these contractors and subcontractor staff are required to work using the BIM 
software rather than traditional paper-based documentation. As a result, with BIM a 3D 
representation can be obtained instead of a 2D one, and each of the members in the 
construction team can visualize their required information from the model developed by 
BIM. This collaborative workflow sets out the requirements for new processes and methods 
that could be adopted by all project stakeholders as an innovative way of working, as these 
new methods of collaborative work clearly illustrate the importance of IT to support this new 
workflow (Alazmeh et al., 2017). 
As mentioned earlier, BIM constructs a virtual building prior to the physical one. This virtual 
building can be defined as a model which can be tested and adjusted based on the design 
requirements for the physical building prior to the construction process (Kymmel, 2008). If 
any mistakes or problems are found in the virtual building, they will not cause any serious 
damage to the construction project, as they can be corrected and modified as required. In the 
case of this virtual building, all the aspects of the construction project are considered and 
integrated into the BIM software in order to avoid any discrepancies during the physical 
construction project. Elvin (2007) and Hardin (2008) mention that BIM can provide both 2D 
and 3D drawings and visual representation of the overall process of the construction project: 
for instance, it provides scope data, specifications, costs data, and the timeline of the project. 
In contrast, Kymmel (2008) postulates that BIM will represent drawings and visual 
representation with respect to the information provided and the model developed for the 
construction project. So it can be said that in order to benefit fully from BIM, all types of 
information considering various aspects of the construction project need to be provided. 





1. Information about the component: this is very basic information that provides 
graphical drawings and visual representation of the construction build.  
2. Parametric information: this type of information consists of various parameters of an 
object. Most of this type of information consists of the area, volume, and density in 
order to achieve the actual geometry of the object based on its weight. 
3. Linked information: this type of information is not an existing part of the model itself 
but is somehow associated with the model. 
4. External information: this is generated from external sources and BIM is not 
concerned with such information. For example: specifications obtained from 
manufacturers about a product is external information.  
The formation of an object-oriented database through the use of BIM has been identified by 
Elvin (2007). With the help of BIM, both qualitative and quantitative information about the 
object can be obtained, such as a representation of a window or a door or a wall.  For 
example, in the case of a 2D drawing of a window, only the graphical representation of lines 
can be viewed, while with BIM, the graphical representation of the window will show all 
types of information regarding the object, such as the size of the window, the costs and 
scheduled time associated in making it, and even the manufacturer of the window. Another 
important aspect of BIM is the relational database, which means that any changes in a 
particular object within the design will change all other interrelated objects based on the 
change made. As for example, if a wall is deleted from a design then all of its associated 
doors and windows will be deleted automatically and all other data will be adjusted 
simultaneously. With the help of this BIM application, the construction process can be 
analysed in its very early stages, which permits the contractors to become involved in the 
design development phase of the project.  
3.3 IMPLEMENTATION OF BIM 
BIM and its utilisation of the information has a central role to play with regards to meet the 
construction project objectives. Undoubtedly, there is change from 2D drawings to 
modelling. BIM can be used throughout the many phases of the construction project lifecycle 
for improved planning and coordination with consistent, transferable, information rich data 
which can be used by all members of the project team for analysis and visualization purposes. 






3.3.1 The Use of BIM in the Planning Phase of a Construction Project 
In a construction project, the planning stage is crucial, as it incorporates every aspect of the 
project, such as purpose, objectives, available resources, allocated budget, project 
deliverables, and scheduled time to complete the project. A successful execution of this 
planning stage indicates that the project can be completed on time by using the allocated 
budget for the project. Pierce (2013) mentions the following activities as being associated 
with the planning stage of a construction project: - 
1. Planning for work: construction projects are normally divided into several parts which 
need to be completed in a logical order based on the priority and interdependence of 
different activities. 
2. Scheduling for work: within the schedule of the construction project, the estimated 
time for the completion of each and every activity need to be included. 
3. Scheduling for materials, labour, and equipment: all the resources which will be 
required during the activities of the construction project need to be scheduled and 
evaluated. 
4. Project budgeting and cash flow estimation: with the help of project budgeting, the 
total costs of the project can be estimated and allocated. 
It is clear from the above discussion that the project planning stage integrates all the 
information regarding budget, timeline, scheduling of works, and delivery date of the project, 
in full. Project planning integrates the time, costs, and quality of the project and is essential 
for the overall quality of the project management.  
Eastman et al., (2008) emphasize the importance of the planning phase of the construction 
project, as most of the information needed for further stages is gathered and accumulated at 
this one. All of this information is collected from the contractor’s staff and subcontractors 
during the planning phase of a project, and then integrated and included into the BIM 
software.  
The MacLeamy Curve promotes a workflow where the decision making process is moved 
further forward and lowers the cost of refining design (Eastman et al., 2008). From the 





through the design process, the higher the cost of design change. This is also known as the 
concept of shifting the effort. This also has a direct correlation with potential project delays, 
wastage and increased delivery costs (Aranda-Mena et al., 2009). 
 
Figure 3.6: The MacLeamy Curve For Time - Effort Distribution 
(Source: Eastman et al., 2008) 
 
From the above Figure 3.6, it can be seen that throughout the planning phase, the capacity to 
control the costs and practical skills is a priority. This is highlighted by Smith and Tardif 
(2009), who state that nearly 80% of the overall construction costs can be evaluated during 
the first quarter of the planning stage. On the other hand, with the help of BIM, a better 
design solution can be obtained as the topmost level of planning work can be relocated back 
with the costs changes and the capacity to control the costs. This can be justified through the 
nature of BIM implementation. The implementation requires a high and long-term 
investment, and the return on investment (ROI) can only be justified over a succession of 
project executions which also involve continuing efforts from the construction company.  
Again, Smith and Tardif (2007) and Aranda-Mena et al., (2009) indicate that the overall costs 
of BIM implementation usually come from the training costs, costs of hardware and software 





Based on the level of information development through the planning stage of the construction 
project, Eastman et al., (2008) divided the BIM process into four categories, as follows: 
1. Addressing the conceptual design: at this level the required information is for the 
generation of a basic building plan which includes the appearance of the building, its 
position and orientation, and its structure. 
2. Addressing the use of BIM for in-depth design and analysis of the building project: at 
this level, information is required to determine the variations within the parametric 
information of the building system. 
3. Addressing the use of BIM for the development of construction level information: this 
level of information is needed to produce standardized construction paper-based 
documents. 
4. Addressing initial information for fabrication level modelling: at this level, 
information is required for use directly in the construction phase of the project. 
Subsequently, Table 3.1 below summarizes the use of BIM during the planning phase of the 
construction project: 
Table 3.1: Use of BIM Within the Planning Phase 
Point View  
 
BIM Use  
Conceptual Planning  
 
Massing and sketching  
Space planning  
Environmental Analysis  
Site development  
Design and Analysis  
 
Structural Analysis  
Energy Analysis  
Mechanical Equipment Simulation  
Lighting Analysis  
Acoustic Analysis  
Air Flow/CFD  
Building Function Analysis/Clash Detection Cost Estimation  
Improving Building Performance  




Building System Layout  
Drawing and document production  
Specification  
Bill of quantity  
Construction   
 
Collaboration between design and construction Early identification of long lead-time 
item and shortening procurement schedule  
Value engineering  
Constructability analysis  
Construction Sequencing/4D analysis  
5D analysis  
 





3.3.2 The Use of BIM in the Design Phase 
The early phases of any construction and architectural design follow a recurrent process in 
order to transform the knowledge base of the design phase to design solutions for the 
construction or architectural project (Al-husban, 2012). This process follows the guidelines 
and requirements of the design problem, requirements from the projects, and the expected or 
projected limitations of the architectural projects. According to Oxman (2004) and Chiu 
(2010), design concepts of an architectural project depend solely on the knowledge of the 
design phase and thinking ability of the designers. Wang (2007) and Tseng et al., (2008) 
believe that design concepts depend on the background information and experiences of the 
designers’ previous design projects. On the other hand, the view of Al-Sayed et al., (2010) is 
that implied and clear knowledge is the base of the construction design phase.  
It is undoubtedly true that the use of pencil and paper in drawing and sketching in the early 
stages of construction design played an important role in determining and exploring the 
possible alternatives of design for architectural projects (Do, 2002). The traditional drawing 
and sketching process still plays a significant role in evaluating alternative ideas and 
communicating concepts throughout the design phase. On the other hand, CAD software has 
made the manual drawing and sketching process of the design phase more effective than the 
traditional drafting method in terms of costs, effectiveness and ease of use throughout the 
design phase. However, Oxman (2004) argues that this CAD software that can be used for 
drafting cannot be suitably used to carry out primary design works such as ideas generation 
and concepts communication.  
In this design phase, it is critical for the designers to have enough data to be able to choose 
the structural system, interior design, building orientation and other crucial factors (Gervásio 
et al., 2014; and Granadeiro et al., 2013). These decisions are crucial for the architecture and 
construction projects, as assumptions about the structural system, interior plans, and building 
placements of the construction project using the predictive climate, geographical, and 
location-based information provide the foundation of the final outcome of the project. In this 
case, BIM has been effectively used as there is a need to manage the performance 
requirements of the building efficiency and the scarcity of valid information at the primary 
phase. BIM provides an adequate information database for the designers and enables them to 
determine the structural system and building orientation based on, for example, the existing 





directions. Again, Do (2002) states that BIM software has been essentially integrated with 
such information databases.  
According to Do (2002), design software or tools must incorporate and be integrated with 
essential options to enable the designers to explore additional capabilities in the case of 
drafting and editing.  With the use of BIM software, designers can now enjoy the enormous 
benefits it has to offer, such as visual analysis and representation, visual documentation of the 
reports, and design, drafting, scheduling and cost analysis for the project (Foqué, 2011). 
Moreover, with the help of BIM in the design phase, designers can analyze and evaluate the 
alternatives to the design, considering the same conditions and providing the required 
information about a certain project.  
Conclusively, it can be stated that BIM offers significant information in the early stages of 
the design phase of a construction project, which is crucial for the thorough design of the 
project and for the final outcome of the architecture. Again, BIM software is considered to be 
an enhanced architecture package, along with the information databases, 2D and 3D standard 
drafting features, performance-based simulation capabilities, feedbacks on the designs, and 
visual representation and evaluation of the design. Garber (2014) explains that BIM not only 
provides a programmed and enhanced design process but also evaluates the alternative 
building forms and the factors related to the environment of the project.  
3.3.3 The Use of BIM in the Construction phase 
At different stages of a project, there are different usages of BIM. For example, for the 
planning, design, execution, and maintenance stages of a project there are different sectors 
where BIM can be used. It can be used in the planning phase of a construction project by 
enhancing the control over the overall project: as mentioned earlier, BIM has the ability to 
influence the costs of a project. According to Bew and Underwood (2010), with the use of 
BIM, the project team can come up with innovative ideas and solutions in anticipation of any 
issues which might increase the project costs. This can only be achieved with the closest 
collaboration and teamwork between the parties of the construction project. Collaboration 
among different stakeholders and parties associated with the project is a core benefit of BIM 
usage in the planning phase.  
Moreover, energy and other resource analyses can also be evaluated with the help of BIM 
(Azhar et al., 2011). It assists the construction managers of the project by generating 3D 





design. BIM provides a visual representation so that the owner of the project can see whether 
the design is up to the required standard (Azhar et al., 2011).  
According to Messner et al., (2009), BIM has many uses throughout a construction project 
lifecycle. This is comprehensively illustrated in Figure 3.7 below. Whereby cost evaluation, 
on-site visual representation, and fabrication are the key advantages of BIM throughout the 
planning phase of a construction project.  
 
Figure 3.7: BIM Uses Throughout a Construction Project Lifecycle 
(Source: Messner, 2009) 
 
From the above analysis in Figure 3.7, it can be said that BIM can be effectively used at 
every stage of a construction project irrespective of the project deliverables (AIA, 2007; 
AGC, 2006; Eastman et al., 2008). Moreover, in the case of the benefits of a construction 
project, the effectiveness of BIM can be enhanced during a project (Eastman et al., 2008; 





The following Figure 3.8 below shows the manifold use of BIM throughout the construction 
project.  
 
Figure 3.8: A Comparison of Deliverables Between Traditional Projects and BIM 
Integrated Projects 






 3.3.4 The Use of BIM in the Post-Construction Phase 
In the post construction phase, BIM can be used to plan and execute safe methods of 
operation and maintenance of the finished construction project. The operational phase 
normally includes 60% of total cost arising during the project construction. The activities that 
are happening during these operations are largely related to the concept of maintenance and 
repair (Sullivan et al., 2010). Nevertheless, Eadie et al., 2013, confirm that BIM is most often 
used in the early stages with progressively less use in the latter stages of a construction 
project lifecycle. Hence BIM is not being used to its full potential in the Facilities 
Management Phase. 
In contrast the BIM model contains important information in terms of manufacturer 
specifications and maintenance instructions linked to the building components with the 
purpose of providing an accurate database for the client and operators (Sabol, 2008). 
Whereby each object in the BIM model can include links to operation, maintenance and 
warranty information. Therefore, in theory it can greatly contribute to the post construction 
phase and in particular to facilities management (Eastman et al., 2008). 
3.4 BIM LEVELS AND MATURITY  
Bew and Richards (2008) developed a model for UK BIM implementation which was re-
developed and proposed by Bew and Underwood (2010) as the BIM evolutionary ramp from 
a construction perspective. According to Kang et al., (2013), BIM has 4 distinct levels, each 
of which has different needs for resources, equipment, methods, and know-how. The model 
in Figure 3.9 below illustrates how the evolution of BIM progresses in four levels and each 






Figure 3.9: BIM Evolutionary Ramp from a Construction Perspective 
(Source: Bew and Underwood, 2010) 
Each level of this BIM Evolutionary Ramp is further discussed as follows: - 
1. Level 0: at this level there is no collaboration in work between the designers, 
stakeholders and other teams in the construction project. Normally, a 2D CAD 
drawing is the outcome of this BIM level and is distributed as a printed version. It 
cannot be edited or modified further.  
2. Level 1: at this level there is no collaboration in work between the designers, 
stakeholders and other teams in the construction project. Normally, a 3D CAD 
drawing is the outcome of this level, and is basically a conceptualized design, while a 
2D drawing is required to obtain a legal authorization. This level was extensively used 
in the construction industry before the UK government mandate of using BIM Level 
2.  
3. Level 2: at this level there is an extensive collaboration in work between the 
designers, stakeholders and other teams in the construction project, where a 3D CAD 
drawing is used by the team members. This is the minimum level of BIM that is 
mandated by the UK government.  
4. Level 3: this level is considered to be the gold standard of BIM. At this level there is 
extensive collaboration in work among all parties in the construction project. This 





can easily obtain the necessary information regarding the shelf-life of the construction 
project, which allows information regarding the demolition and regeneration of the 
construction project.  
There are various benchmarks alluded to in the BIM evolutionary ramp which identify with 
each other through the procedure administration stages. Richards (2010) points out that there 
are some guidelines and regulations available which are provided by BS 1192:2007. In these 
guidelines, the correct standards are set out for organizing, managing, generating and storing 
building data related to the construction industry. According to BS 1192:2007, it is suggested 
that the Unified Classification for the Construction Industry should be used (Hunter and 
Kelly, 2009).   
While COBie is not suggested in the above diagram, it is important for the movement of BIM 
(Jordani, 2010).  COBie evaluates considers the exchanging of IFC-based organisation data 
(Jordani, 2010) and obtains this information incrementally, in the midst of the planning and 
development phases (Fallon and Palmer, 2007).   
Most UK construction projects are at BIM level 1 and most of the renowned construction 
organisations are being encouraged by the government to jump to BIM level 2 (BSI, 2010). 
Moreover, in the case of public construction projects, project contractors and related staff, the 
UK government has made it mandatory to use BIM at level 2 since 2016 (Goubau, 2017). 
Here the UK Government Construction Strategy was instigated in 2011 with the intention of 
requiring BIM for all government projects by 2016 through a 5-year staged implementation 
plan. The government also established a dedicated BIM Task Group to assist in delivering 
this aim by providing support to the government and construction industry (McGraw Hill, 
2014). 
Furthermore, the British Standards Institute (BSI) released a PAS (Publicly Accessible 
Standard) PAS 1192-2:2013 ‘Specification for information management for the 
capital/delivery phase of construction projects using building information modelling’ was 
developed as an industry standard to provide specific guidance for information management 
requirements associated with projects delivered using BIM (BSI, 2013). 
Moreover, Scandinavian countries have been pioneers in BIM implementation. They have 
been working with BIM for over a decade now. The various governments in that region 





The Finnish government has invested heavily in IT research in the construction industry 
(Granholm, 2011). In addition, they have released a universal BIM guide for their 
construction industry. Since 2007, the Finnish government-owned Senate Properties firm has 
required building models to meet Industry Foundation Classes standards (BuildingSmart 
Australasia, 2012). The Danish government too is an advocate of BIM and requires the use of 
BIM on all public projects (BCA, 2012). Denmark has also developed a new BIM 
classification standard that should be applicable for the whole of the European Union region 
(PR Web,2013). In Norway, BIM implementation is led by the country’s public construction 
and property management representative “Statsbygg”. They have used BIM for their projects 
since 2007. This has required the use of open international standards in all public projects 
(Granholm, 2011). 
 
The Singapore government has been the leader in the BIM adoption process and one of the 
few Asian countries that have implemented BIM in the public sector (Wong et al., 2009). 
Singapore’s Building Control Authority (BCA) has produced a five-year plan to move the 
industry towards the adoption of BIM.  BCA will mandate “electronic submissions in BIM 
format for architectural, structural, mechanical and electrical plans for building works for 
regulatory approval by 2015, starting with architectural e-submissions in 2013” (BCA, 2013). 
Moreover, BCA has developed a fund especially dedicated to companies that are willing to 
adopt BIM. The fund pays part of the cost incurred in training, consultancy, software or 
hardware, up to 50% of the costs capped at $35,000 per firm for the project collaboration 
scheme. These measures are applied to encourage companies to shift to BIM.  
 
In the construction industry of Australia, however, the use of BIM is not widespread. 
Nevertheless, the Australian federal government proposed July 2015 for mandating BIM on 
all public projects and has taken the initiative for the development of the National BIM 
Guide, Australian and New Zealand Revit Standards and BIM-MEPAUS guidelines and 
models. The BuildingSMART organisation has been commissioned to prepare a strategy for 
BIM implementation that includes establishing an open BIM Alliance of Australia which 
should involve alliances with software vendors (CIBER, 2012). 
 
North America has experienced one of the highest growths of BIM implementation globally, 
increasing from 28% of construction professionals using BIM in 2007 to 71% in 2012 
(McGraw Hill, 2013). In the USA, the General Services Administration was the first 
government organisation to lead the US government into BIM and had a primary role in 





2011), where it required BIM for spatial validation on all projects. They have also developed 
a range of guidelines and standards that includes a National BIM Standard which is 
internationally recognized (CIBER, 2012). Moreover, in 2006 the U.S. Army Corps of 
Engineers published guidelines for implementing BIM, which were updated in November 
2012 (US Army Corps of Engineers, 2012).  Table 3.2 below summarizes the BIM initiatives 
in different countries of the world.  
 
Table 3.2: Summary of BIM Initiatives in Different Countries 
Country or Area Summary of Actions to Implement BIM  
USA In the USA, the General Services Administration (GSA) has been 
pioneering the adoption of BIM across publicly-funded projects. 
Moreover, the GSA has established a database of guidelines and best 
practices for BIM to be used in construction projects. 
UK  
 
The BIM industry working group in the UK has developed a set of 
guidelines and approaches to using BIM at level 2 on all public sector 
projects from 2016 onwards. 
Singapore  
 
In 2015, the Building and Construction Authority of Singapore 
announced BIM promotion planning. By 2015, nearly 80% of the 
construction projects in Singapore had used BIM. 
With the use of BIM, productivity in the construction industry has 
increased by 25% compared to previous decades. 
Hong Kong  
 
In 2014, the Housing Authority of Hong Kong mandated the use of 
BIM in all construction projects. 
The Housing Authority of Hong Kong developed a set of guidelines 
and best practices for effective BIM use and management. 
South Korea  
 
For all publicly funded projects and for projects worth more than 50 
million USD, BIM use has been made mandatory in South Korea from 
2016 onwards. 
(Source: adapted from BCA, 2013) 
As BIM has been emerging all around the world in the construction industry, many notable 
approaches have been taken by different countries and their construction industries in order to 
implement BIM successfully. This section will discuss some of the best practices, strategies 





According to Choi (2012), government and construction industry leadership is the main 
driver towards implementing BIM successfully. Similarly, Smith (2014) indicates that 
national leadership and collaboration with the construction industry is a crucial factor for a 
successful BIM adoption and implementation in increasing efficiencies of this technology. 
Smith (2014) emphasizes that such leadership approaches at government level will help in 
reducing the challenges that arise from disorganized and disorderly approaches. Quek (2012) 
argues that though such approaches should come from national leadership primarily, 
immediate and collaborative support should come from major industry players such as 
clients, construction industry professionals, and construction-based organisations and 
associations. Again, considering the global nature of BIM adoption and its world-wide 
application, global leadership has to come forward in facilitating BIM implementation. 
According to Kang (2015), if the strategy of BIM adoption is owner-driven then the 
probability of success in its implementation will be increased. Government initiatives and 
mandates in using BIM are an effective strategy to be imposed by national leadership towards 
BIM implementation (Kang, 2015). The UK, the USA, and Singapore governments have 
mandated the use of BIM in the case of publicly funded projects (Bin Zakaria et al., 2013).  
Again, there is a need for some global and national standards and guidelines to ensure the 
effectiveness of this technology. Standard BIM product databases and archives are also an 
important factor for its adoption and implementation. The UK government is now providing 
free universal access to a national BIM library for construction industry professionals and 
BIM practitioners in order to expedite BIM implementation at a global level (Jung and Lee, 
2016). Again, Dong (2017), emphasizes the importance of BIM education, training and 
research activities in order to increase its adoption and implementation. Furthermore, Yoon et 
al., (2015) believe that BIM training and education will not only increase its adoption and 
implementation but will also help in the evolution of a global construction industry.  BIM 
education is needed at tertiary level education so that graduates who are about to enter the 
construction industry acquire sufficient knowledge and capabilities in relation to the adoption 
and use of BIM (Al-Mohannadi et al., 2013). All these above-mentioned strategies are 







Table 3.3: Comparative Listings of BIM Adoption Plans 
Plans For BIM Implementation Authors 
 Government and industry level leadership is necessary in 
implementing BIM (e.g. UK and USA governments have mandated 
the use of BIM in publicly funded projects) 
 Support and collaboration from construction industry, leadership and 
government 
Smith (2014) 
 Focus on the competitive advantages of using BIM 
 Focus on return on investment 
Quek (2012) 
 Free access to BIM product archives and online based BIM building 
product information is needed in order to facilitate and motivate the 
construction professionals 
 Legal and contractual issues need to be considered 
Yoon et al. 
(2015) 
 BIM education and training for construction industry professionals 
need to be provided 
 Setting national and global standards and standardized policies for 
BIM adoption, and implementing it to obtain its full potential 
Al-Mohannadi 
et al. (2013) 
(Source: Compiled by Author) 
 
There are many exemplars that can benefit from this research study as there is no doubting 
the increasing relevance of BIM to the international construction community. The countries 
mentioned above have a regulatory requirement for BIM or have produced a BIM guide or 
manual to assist in the promotion of BIM locally. Henceforth these countries are currently 
regulating the use of BIM on public sector projects. Accordingly, studying these countries’ 
exemplars and their national BIM programme in detail could benefit this research study, 
especially where BIM is at a particularly mature level, in order to more thoroughly explore 
the individual programme themes identified for each country and select the most valuable 
details, as these requirements provide for a structured framework to support local government 
and other regulatory bodies who are required to work with BIM now and into the future. So 
the Saudi Arabian construction industry can embrace, adopt and implement a structured BIM 
programme in the near future. 
 
3.5 IT REQUIREMENTS OF BIM 
Building information modeling software consists of computer-aided design (CAD) a 
computer system or now known as software to aid in the creation, modification, analysis, or 
optimisation of a design. This greatly assists the professionals and designers from the 





many tools and software packages for BIM offered by various leading market players like 
Autodesk, Tekla, Graphisoft, CYPE, and Bentley. According to the NBS National BIM 
Report (2017), Figure 3.10 below shows the popularity levels of different BIM-related tools 




Figure 3.10: Percentage Use of Different BIM Tools 
(Source: NBS National BIM Report, 2017) 
 
All these types of BIM software are designed for architectural design and construction, such 
as mechanical, electrical and plumbing (MEP) and building information modeling. So, the IT 
requirements for each of the software are different. As can be established from Figure 3.11 
below, the 2017 version of Autodesk Revit requires Microsoft Windows operating system 64 
bit for Windows 7, Windows 8.1 or Windows 10, and needs 4GB RAM and 5GB of available 
hard-disk memory to be free for the software to be installed and operate (Autodesk, 2017). 
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model. For more critical project tasks, more memory on the disk would be needed. On the 
other hand, for previous versions of Revit more RAM speed and more available memory in 
the hard disk would be needed.  
 
 
Figure 3.11: IT and System Requirements for Autodesk Revit 2017 Version 
(Source: Autodesk, 2017) 
 
On the other hand, ArchiCAD 21 can be used with both Windows and an iOS platform. 
Moreover, one of its products, BIMx, has both Android and iOS applications and is 





supported and 4 GB of RAM is required. There are a few applications that allow BIM to be 
used in smart phone devices and in tablets. For instance, Tekla BIMsight 1.4 can be used in 
tablets and is a cost-free application for plan coordination and BIM joint effort (Tekla 
BIMsight 2017). Full Tekla BIMsight can be utilized on Windows tablets on location and 
moving when one has to join exchange models and perform spatial coordination. 
 
3.6 GLOBAL PROJECT EXEMPLARS OF USING BIM 
On a worldwide level, BIM is causing a transformation that has changed the construction 
business. The USA, UK and Australia are consistently advancing their use of BIM tools and 
applications due to two noteworthy advantages that the construction organisations can gain 
for it such as an increase in business development, increase in financial revenue and a saving 
of time. In North America, in only 5 years (2007-2012) BIM utilization has increased from 
28% to 71% (TIMETRIC, 2016). 
The following Table 3.4 below will provide a glimpse of projects undertaken with the use of 
BIM in different countries around the world. 
Table 3.4: Outlining Some Different BIM Based Projects Around the World 
 
UNITED STATES 
Project: Memorial Hospital, Colorado 
Contractor: PCL 
Implications of BIM: 
• 3500 reworks avoided; 500 of which were considered ‘grave’. 
• Cost savings through clash detection 
Project: Silver line, Telluride 
Contractor: PCL 
Implications of BIM:  
• Underestimation of excavated quantities detected ahead of construction 
• Cost savings of $3 million 
Project: Spring Field Literacy Centre 
Contractor: Burt Hill 
Implications of BIM: 
• Elimination of redundant information 
• Improved communication 
Project: Crate and Barrel Group of Stores 
Contractor: Crate and Barrel 
Implications of BIM: 
• Reduction of average project weights from 190 tons to 170 tons 
• Reduction in prefabrication time from 6 weeks to 2 weeks 





• Reduction of time for erection from 6 weeks to 3 weeks 
 
HONG KONG 
Project: One Island East 
Contractor: Swire Properties Ltd 
Implications of BIM: 
• Cost savings from prior identification of over 2,000 clashes 
• Time savings of 20 days 
• Order of magnitude reduction of contractors; request for information (RFIs) 
 
UNITED KINGDOM 
Project: St Helen and Knowsley 
Implications of BIM: 
• Time savings of 6 months 
• 60-70 % savings in time to find documents 
• 75-80% savings in design coordination efforts 
Project: Festival Place, Basingstoke 
Implications of BIM: 
• Estimated cost savings of 9% realized in the construction phase 
Project: Palace Exchange, Enfield 
Implications of BIM: 
• Nearly 800 man hours saved 
 (Source: adapted from Young et al., 2009; Nisbet and Dinesen 2010;  
Riese and Shelden 2011) 
 
A framework represents a holistic relationship of terms and concepts of a system (Jung and 
Gibson, 1999). It aims to sort out the logical structure of the interested system as well as the 
direction of future development (Jung and Joo, 2011). Similar to the framework, the model 
can be defined as the representation of a reality in a specific environment (Dehe and 
Bamford, 2015). Developing such a framework for BIM will enable all practitioners to be 
fully aware of the composition of the BIM concept. However, although frameworks, 
guidelines and protocols have been developed to facilitate the successful adoption of 
BIM, the issue is not a case of one size fits all. Investigations into BIM implementation 
across markets have been comparatively rare in spite of an ever-increasing range and depth of 
national BIM initiatives (NBIs) and noteworthy BIM publications (NBPs) (Kassem et al., 
2013).  It is preferable for the construction industry to have a common digital foundation in 
every country that faces political and legal barriers. The willingness and ability for a project 
process simulation at the design phase creates the power to implement BIM technology. It 
has become a stronger tool for public procurement and for government policies (EUBIM 





Succar and Kassem, (2015), have carried some important and early work in global BIM 
adoption. One of their models, the Macro Maturity Components Model, identifies eight 
complementary elements in Figure 3.12 for measuring the BIM maturity of countries and 
assisting policy makers to develop BIM adoption policies. 
 
 
Figure 3.18: The Macro-Maturity Components Model 
 
(Source: Succar and Kassem, 2015) 
 
The macro maturity components model identifies eight complementary components for 
measuring and establishing the BIM maturity of countries and other macro organisational 
scales. The eight components are: Objectives; Stages & Milestones; Champions & Drivers; 
Regulatory Framework; Noteworthy Publications; Learning & Education; Measurements & 
Benchmark; Standardized Parts & Deliverables; and Technology Infrastructure. The model 
can be used holistically by using a comparative matrix (low detail ‘discovery’ assessments), 
or granularly by using component-specific metrics (higher detail ‘evaluation’ assessment) for 
assessing and comparing the BIM maturity of countries. 
Here the Macro maturity components are assessed using the BIM Maturity Index (BIMMI) 





maturity; [c] Managed or medium maturity; [d] Integrated or medium-high maturity; and [e] 
Optimized or high maturity (Succar, 2010).  
Furthermore, the UK National Building Specification (NBS RIBA, 2016) has developed 
(inspired by the Chemical Periodic Table of the Elements), the Periodic Table of BIM, for a 
visual guide to the many key terms about the main concept and all factors related to BIM 
adoption. Introducing this table to the public sector makes the beginning of this knowledge 
easy for all stakeholders in the industry to share and develop it for the future. The following 
Figure 3.13 represents the periodic table of BIM. 
 
 
Figure 3.13: Periodic Table of BIM  
(Source: NBS RIBA, 2016) 
 
Moreover, the European Parliament has introduced a set of reforms to the European Union 
(EU) Public Procurement Directive to help reduce unpredictable costs and project overruns 
(EUBIM Task Group, 2017).  It encourages some EU nations to adopt BIM mandates or 
policies. With the influence of the BIM Special Interest Group (BIM2AIM), the UK Ministry 
of Justice completed its industry BIM practice guidelines in 2016. Current developments such 





2015) and the 2016 guidelines are some of the main reasons why the UK has become a key 
player to be followed by the rest of Europe. 
OpenBIM was initiated by Graphisoft, Tekla and other sponsors as a universal approach to 
the collaborative design, realisation and operation of the building based on open standards 
and workflows. OpenBIM is nowadays intended to be an initiative of several leading 
software vendors using the exchange-data model, through BuildingSMART alliance, Industry 
Foundation Classes (BuildingSMART, 2017). 
Likewise, the Malaysian Public Works Department (PWD) introduced BIM into their 
construction industry in early 2007. However, the adoption and implementation of BIM in 
Malaysia took a long time. It eventually took place in 2010, when the National Cancer 
Institute construction project was undertaken (Latiffi et al., 2016). As it is the national agenda 
to embrace new technology in the Malaysian construction industry, recently many private 
sector construction organizations have also taken actions by adopting and implementing BIM.  
Moreover, to promote this new technology, the Construction Industry Development Board of 
Malaysia organizes various programmes in order to improve the adoption rate in the 
construction organizations. In 2014, the Construction Industry Development Board of 
Malaysia developed a BIM roadmap built on seven pillars (as shown in Table 3.5 below): 
Standards and Accreditation (P1), Collaboration and Incentives (P2), Education and 
Awareness (P3), National BIM Library (P4), BIM Guidelines and Legal Issues (P5), Special 
Interest Group (P6) and Research and Development (P7). The seven pillars were designed by 
the Construction Industry Development Board of Malaysia in order to enable many 
organizations to adopt and implement BIM within the country. 
Table 3.5: Summary of Seven Pillars for Malaysian BIM Roadmap 
Item No. Pillars Activities 
1 Standards and 
Accreditation (P1) 
BIM standards and common practices, guidelines, 
reference documents, accreditation for certification of 
BIM projects. 
 
2 Collaboration and 
Incentives (P2) 
Collaboration with other bodies and vendors, BIM funds 
and supports including costs of software, hardware and 
training). 
3 Education and 
Awareness (P3) 
BIM conference, competition, promotion, awards, training 
modules and syllabus. 
4 National BIM 
Library (P4) 






5 BIM Guidelines 
and Legal Issues 
(P5) 
National BIM guide, legal issues 
6 Special Interest 
Group (P6) 
BIM committee to share the information 
7 Research and 
Development (P7) 
Research funds and sponsors 
(Source: Adapted from Construction Industry Development Board Malaysia, 2014) 
 
BIM implementation frameworks, standards, guidelines, execution plans, protocols and 
maturity models facilitate successful BIM implementation. Kassem et al., (2013) contends 
that most implementation frameworks and maturity models are focused on the individual 
construction organisation but there is a need for countrywide maturity/engagement scales and 
models. BIM adoption surveys can form the starting point for countrywide measures of BIM 
maturity. Kassem et al., (2013) further cite the adoption of BIM in Australia, the United 
Kingdom and the United States as examples of metrics that can be utilized in a country’s 
BIM model. Comparing the best practice of other peers could also reveal the defects of 
current practice and an appropriate improvement strategy could be planned and proposed 
accordingly (Succar and Kassem, 2015; Camp, 1995). 
Jung and Joo (2011) proposed a framework to systematically represent the relevant areas of 
BIM practical implementation. Additionally, frameworks have been proposed by individual 
researchers for BIM implementation in countries such as Jordan, Iraq, China, Malaysia and 
India. Nevertheless, the proposed frameworks are not comprehensive enough. Limitations, 
for example, are such that the degree of involvement of all partners during BIM 
implementation should be considered. Moreover, the frameworks need to be kept up to date, 
as the business function during the operation stage should be considered, since the 
information required for building operation purpose should be prepared in early design 
stages. Most importantly, no follow-up research has been suggested in order to develop 
evaluation methodologies based on Jung and Joo’s framework.  
By considering BIM as the integration of the final product and the process of delivering it, 
users will begin to understand, disseminate and incrementally implement BIM. In addition, a 
framework that could achieve “presenting data and arguments in manageable sections” could 
fill the gap that remains between academic and industry knowledge bodies (Succar, 2009). 
Thus, the objective of this research is to explicate the BIM adoption factors from various 





existing gap relating to BIM adoption and implementation in the Saudi Arabian construction 
industry.  
In doing this, the NBS periodic table of BIM implementation is deemed very appropriate and 
applicable for the development of a strategic framework for BIM adoption. The choice of the 
periodic table for BIM implementation as the basis for developing the framework for BIM 
implementation in Saudi Arabia was based on the links between the aim of the research and 
the elements of the periodic table. 
3.7 BENEFITS OF BIM 
In order to promote the adoption and implementation of BIM at all levels of the construction 
industry, it is essential to understand the core benefits it has to offer. Race (2013) notes that 
most of the construction industry professionals used to face challenges regarding the 
traditional CAD design and drafting. Due to the complexities associated with traditional CAD 
design, the productivity and cycle time of the project tended to become reduced to a serious 
extent (Race, 2013). In this case, it would be an effective help for the construction 
organisations if they could fully understand the benefits of BIM adoption and implementation 
within their project. With the help of BIM, construction organisations can strategically decide 
on their work activities in order to meet their project aims and objectives. Throughout this 
study, therefore, the benefits of BIM are discussed, so as to provide an understanding of BIM 
adoption and implementation.  
BIM helps in reducing the quantity of requests for data and modifications needed for the 
project, and accordingly enhances profitability (Eastman et al., 2008 and Kaner et al., 2008). 
Again, Kaner et al. (2008) investigated the increase in profitability for delivering basic design 
illustrations with rebar itemizing, which has yielded an increase from 21% up to 59%, 
contingent upon the size, quality, and uniformity of the structures. The profitability and 
enhanced nature of plans and documentation drive the execution of BIM to accomplish 
efficiency upgrade.  
The utilisation of 3D parametric modelling apparatuses in BIM enhances the clearness of 
portrayal of the outline aim and steady illustrations generation. Any logical inconsistencies in 
the interior design in the substance of any individual report or related arrangements of records 
are wiped out and the expansion in clearness and consistency prompts a substantially more 
proficient outline creation process inside the associations and enhances the cooperation and 





et al., 2016). Kang (2015) hypothesizes that the BIM representation could be of assistance 
over the whole project lifecycle. It can be said that, in the case of a construction project, 
visual representation helps the designers to work cooperatively and convey their thoughts 
about the plan more proficiently as each project member has a similar 3D configuration. 
Moreover, constructability issues among site engineers and designers can be reduced with the 
help of the visual representation provided by BIM. Some other benefits of BIM are listed 
below: 
a) Easy Verification of Consistency 
A visual 3D representation of the components needed for the project can be viewed with the 
help of BIM, such as the materials needed for the construction, spaces required and other 
components. This will give an overall cost estimation for the project (Kumar, 2012). This 
feature of BIM is essential for technical buildings like hospitals or laboratories.  
b) Extraction of Cost Estimates During the Planning Phase 
In the planning stage of the construction project, BIM technology can extricate the associated 
costs of materials and labors needed for the project completion in full so these costs can be 
utilized for an estimation at the initial stage of the construction project (Marzouk and 
Hisham, 2012). In the early stages of project planning, cost estimations are constructed in the 
light of equations regarding critical task amounts: for instance, the number of parking spots, 
the area of the selected place, or the costs needed to build each unit of the area. As the project 
advances, more definite amounts are accessible and can be utilized for more exact and 
accurate cost estimations.  In the final phase of project planning, a cost estimation relating to 
the amounts for every one of the components contained inside the model takes into account 
the arrangement of a more precise final cost estimation. Therefore, the most suitable plan 
alternatives can be decided on with respect to costs, by utilizing BIM as opposed to a paper-
based framework (Kim et al., 2013). 
c) Spontaneous Modification in the Case of Any Design Change 
When any resources or materials are utilized as a part of the project they are controlled by 
parametric guidelines that guarantee a legitimate arrangement. At that point the 3D design 
usually does not have any particular shape, arrangement, or three-dimensional coordination 
errors (Dore and Murphy, 2013). Kim and Yun (2017) point out that this lessens the client's 





d) Precise and Reliable 3D Models 
Precise and predictable illustrations are obtained for different arrangements of items or 
indicated perspectives of the task. This fundamentally decreases the length of time and 
number of mistakes related to the construction project drawings, in all aspects (Yoon et al., 
2015), and at the point when changes to the plan are required, completely predictable 
illustrations can be created when the outline alterations are made. 
e) Cooperation Within Teams Before Finalizing Design  
Instantaneous activities can be performed using BIM technology. Change management and 
change control can be planned and maintained in a proper way with the help of the 3D model 
collaboration in BIM (Kang et al., 2015). As a result, design time can be minimized to a great 
extent and the probability of errors or complexities can be reduced as well. It also provides a 
better understanding about the complexities associated with project planning and enables 
construction organisations to improve such planning (Kim et al., 2013).  
After a thorough review of the literature, other benefits of BIM are found to be as follows: 
1. BIM creates accurate and standardized construction documents (Logothetis et al., 
2016), 
2. BIM can undertake 3D visualisation, renderings and fly-through (Kim et al., 2013) 
3. Without any impact on the quality, drafting can be done faster than when using 
conventional drafting methods (Race, 2013). 
4. Monotonous components can easily be incorporated within the design without wasting 
further time (Paruch, 2015).  
5. Clash analysis and risk assessment can be conducted using BIM at the primary design 
stage: in other words, even before the actual construction takes place (Eastman et al., 
2011).  
6. Quantity surveys and cost estimation become easier and more accurate with the use of 
BIM (Marzouk and Hisham, 2012). 
7. Time management and project management can be performed in an organized manner 
with the help of BIM and the construction simulation can be visualized using BIM 
(Azhar, 2011). 
8. The length of time for scheduling the project from the concept to completion is 





9. Financial risk is minimized when BIM is used early to estimate the cost effectively and 
improve the relationship between the project team members (McCuen, 2008; Eastman 
et al., 2011), 
10. Any change or modification made during the initial planning or design stage of the 
construction project can be tracked through the use of BIM which in turn can ensure 
better transparency and effective change management among the construction 
professionals (Langroodi and Staub-French, 2012). 
11. Material wastage can be reduced to a minimum level with the use of BIM as it enables 
offsite production (Eastman et al., 2011, Lu and Korman. 2010). 
12. The processes of facility management and asset management become much easier with 
the use of BIM (Eastman et al., 2011, Kelly et al., 2013). 
13. BIM helps the construction industry professionals to adhere to the government’s 
regulatory rules and requirements (Azhar, 2011). 
14. Different options of design can be simulated with BIM and from this the best 
alternative can easily be selected (Zhang and Hu, 2011, Lee et al., 2012, Zhou et al., 
2013). 
15. Energy analysis (Bynum et al., 2013, Azhar, 2011), as well as CO2 and greenhouse gas 
(GHG) emission analysis (Li et al., 2012) can be performed with the help of BIM 
From the above discussion about the benefits of BIM, it is certain that with the use of BIM in 
construction projects, the overall cost can be reduced and the project can be completed within 
the scheduled timeline. However, the costs associated with the adoption of BIM and the 
implementation of BIM-related software and hardware need to be taken into consideration 
during the cost estimation of the project (Vogt, 2010).  Eastman et al., (2011) suggest that the 
costs incurred as a result of the implementation of BIM can be reimbursed through the 
extensive benefits it brings throughout the lifecycle of the project. Moreover, BIM-
Management (2013) estimates that construction organisations can usually save up to 20% of 
the project costs with BIM implementation, including the costs associated with the 
conversion of 2D designs into 3D simulations. With the clash detection feature of BIM, 





reduced to the minimum. The following Table 3.6 outlines the benefits of BIM as proposed 
by different authors.  
 
Table 3.6: Various Benefits of BIM Usage Based on Different Author’s Views 




Zhao et al., (2015) 
Suggested 
Benefits 
• Faster and more 
effective processes. 
• Better design. 
• Controlled whole life 
costs and 
environmental data. 
• Better production 
quality. 
•Automated assembly. 
• Better customer 
service. 
• Lifecycle data. 




































• The data model will 
exist for the life of a 
building and can be 
used to manage the 
client’s asset. 





• Maintenance of 
design intent 
• Facilitation of quality 




(Source: Compiled by Author 2017) 
 
3.8 BARRIERS TO THE ADOPTION OF BIM IN THE CONSTRUCTION 
INDUSTRY GLOBALLY 
From the above discussion on the benefits of BIM technology in the field of construction, 
building design, management and maintenance of the buildings, it is confirmed that BIM 
technology has much to offer to the construction industry. Nonetheless, the barriers and 
challenges in adopting and implementing this new technology in the construction industry by 
replacing the traditional concepts cannot be overlooked. Kiviniemi et al., (2008), points out 
four key barriers in adopting BIM technology, as follows: 





compared to the documents.  Such issues may arise where responsibilities for the data 
content in BIM models are undefined. 
2. Business issues: which are mainly concerned with the distributions and provisions of 
various roles and responsibilities during the whole process of BIM adoption and 
implementation (Eadie et al., 2014). 
3. Human problems: which are concerned with the stress and reluctance to change from 
a traditional system to a new one. 
4. Technical issues: which can arise mainly because of the immaturity of the BIM 
software, especially in the case of data transmission and interoperability (Eastman et 
al., 2008). 
According to the survey conducted by Yan and Demian (2008) among 70 participants 
from the construction industry of the UK and the USA, human issues are considered to be 
the main barriers in implementing and adopting BIM technology. From the responses of 
these participants during the survey, Yan and Demian (2008) found out that time 
constraints and the lack of human resources needed for the training of BIM technology are 
the main challenges to BIM adoption. Moreover, participants pointed out some other 
barriers to this adoption, such as fear of change and reluctance to move away from 
traditional methods; costs of patents; and the inappropriateness of BIM for some projects. 
Even some of the participants mentioned that they felt that current methods in building 
design were enough for them and so they were not willing to adopt new technology which 
they did not know well.  
According to Mehran (2016), the top obstacles to BIM adoption are as follows: 
 Inadequate training  
 Senior management buy-in  
 Cost of software  
 Cost of required hardware upgrades  
 Risk of losing intellectual property; liability issues; sharing of information between, 
contractors and facility owners  
Mahamadu et al., (2017) point out the drawbacks for construction industries in admiring and 
executing BIM technology. The roles and responsibilities of every stakeholders and member 
of staff are pre-defined traditionally, while clients and stakeholders do not seem to be 





From the study conducted by Ku and Taiebat (2011) on the US construction industry it was 
found that the main obstacles to the adoption of BIM in the construction industry of the 
United States of America were as follows: 
 Lack of standardized regulations 
 Lack of collaboration during the construction project and work process 
 Lack of investment to support the initial costs of BIM implementation 
 Unwillingness and reluctance of the stakeholders (architects, engineers, and 
contractors) in adopting BIM 
 Lack of skilled personnel with proficient knowledge about the BIM technology 
Ku and Taiebat (2011) believe that the reluctance of designers to adopt BIM to its full 
potential is another barrier. On the other hand, Ngowtanasuwan and Hadikusumo (2017) 
argue that BIM designers are not compensated and rewarded for all the cost-effective 
projects and improved efficiency attributed to the use of BIM technology during the 
construction project, and this reduces the motivation of the designers to adopt BIM to its full 
potential. Again, Masood et al., (2014) identify the major barriers to BIM adoption as being 
the lack of well-trained and knowledgeable professionals, lack of guidance and support from 
the government, and lack of standardized regulations and policies from the policy-makers. 
Matarneh and Hamed (2017) in their study show that lack of government support and 
initiatives, and government reluctance in mandating the adoption of BIM in at least publicly-
funded construction projects are the major barriers to BIM adoption. Again, they highlight 
the lack of BIM standards and policies for BIM implementation; lack of BIM awareness and 
lack of knowledge about the benefits of BIM among the construction industry stakeholders; 
and lack of demand from clients and construction firms, all of which are presenting critical 
challenges to the adoption of BIM (Matarneh and Hamed, 2017).  
The following Table 3.7 presents a compilation of barriers to BIM adoption, from various 
studies found in this literature survey.  
Table 3.7: A Comparative Listing of Barriers to the Adoption of BIM 
Barriers in Adopting BIM Authors 
 Lack of knowledge and awareness about BIM among the 
construction industry professionals and clients 
 Lack of guidance and support from government 
 Lack of standardized regulations and policies from the policy 







 Costs related to the implementation of BIM 
 Unwillingness to adopt new technology 
 Lack of effective training and resistance to learning new 
technology about BIM 
Abubakar et al., 
(2014) 
 Lack of training and knowledge about BIM and its benefits 
 Lack of proficient and knowledgeable construction 
professionals 
 Inadequate demand from clients and lack of willingness of 
the stakeholders to adopt BIM 
Chan (2014) 
 
 Unwillingness to shift from traditional methods to BIM 
 Lack of interoperability and consistency 
Rogers et al., 
(2015) 
 Unwillingness to change organisation culture 
 Intangible nature of the benefits 
 High implementation costs 
Khosrowshahi and 
Arayici (2012) 
 Inadequate resources in adopting and implementing BIM in 
construction industry 
 Lack of understanding about the diversity of BIM 
McAuley, Hore and 
Deeney (2013) 
 (Source: Compiled by Author, 2017) 
 
3.9 THE AWARENESS OF BIM IN SAUDI ARABIA 
Researchers from Saudi Arabia, such as Al-rashed et al., (2014) and Sidawi and Al-Sudairi 
(2014), expect that BIM will advance conventional construction project management 
methods and techniques in the Saudi Arabian construction industry, and as such these 
methods and techniques will drive the adoption of BIM in the construction organisations. 
Many different factors support this view, including the prospect of growth in revenue, an 
increase in competitive pressure, and the capability to compete globally and tackle the 
challenges of the market by re-engineering the business (Sidawi and Al-Sudairi, 2014). 
Furthermore, Ahuja et al., (2010) state that the adoption of computer-based ICT by the 
construction industry will allow for successful communication amongst the project team 
members and stakeholders who are usually widely dispersed. Ahuja et al., (2010) and Al-
shawi et al., (2009),  are both of the notion that the strategic adoption of ICT requires all 
organisations in the construction process and its associated supply chain to adhere to the 
accepted protocols of communication in order to enable them to grasp the benefits of IT 






BIM is a modern IT tool that can benefit the construction industry of Saudi Arabia in many 
ways, as the country has to optimize national spending to enhance the value of its 
expenditure. In view of this, BIM would be an effective tool to implement in the construction 
industry as it will help in minimising the requirement of different resources and will enable 
all stakeholders and construction industry personnel to visualize their project design and 
decide effectively. With the use of BIM, the extra cost, expenditure and modification in 
project design can be adjusted or prevented effectively. These benefits are some of the major 
concerns of the Saudi Arabian construction industry at present. Assaf and Al-Hejji (2006) 
found that more than 70% of the construction projects in Saudi Arabia faced time and budget 
constraints due to requests for change.  With the use of BIM to reduce waste, the Saudi 
Arabia government and the construction industry would be able to halt the economic decline 
in this industry and would be able to take on value-added construction projects.  
As a technology driven concept, BIM would help the construction industry of Saudi Arabia 
in developing a visualized virtual design for the construction process of a building structure 
before building its physical structure (Azhar et al., 2011). With the use of BIM in Saudi 
Arabia’s construction projects uncertainty regarding the construction process could be 
reduced to a minimum level while safety would be ensured. Thus BIM can bring far greater 
effectiveness as it energizes the coordination of all the stakeholders of the project and the 
organisational practices into a synergistic procedure that empowers the reduction of 
resources and enhancement of proficiency through all periods of construction projects in 
Saudi Arabia (Ikediashi et al., 2014). BIM can also be utilized for the upkeep and office 
administration of the working after completion of the project. 
 
BuildingSmart (2011) conducted a survey regarding awareness of BIM in the Middle East 
which revealed that in the case of BIM adoption, the countries that belong to the GCC (now 
the Cooperation Council for the Arab States of the Gulf, but still known as the Gulf 
Cooperation Council) are still lagging behind the global trend. However, regarding 
awareness of the benefits of BIM in the construction industry, the report by BuildingSmart 
(2011) revealed that there is a high level of awareness of the advantages of BIM among the 
GCC countries. According to the survey data, it can be said that UAE (United Arab 
Emirates) has the greatest BIM awareness (about 77%) while in Saudi Arabia it was nearly 
41%, followed by Qatar (35%). During the survey, participants from different roles in the 
construction industry were chosen, including contractors (36% of overall participants), and 





from the participants, it was found that nearly 25% of the construction projects used BIM, 
which is regarded as a medium level of usage, considering the BIM adoption percentage of 
North America (49%) and Western Europe (36%). Moreover, it needs to be noted that in the 
case of construction projects in the Middle East, BIM has only been used for particular 
purposes and not as an integrated tool for construction projects (Building SMART ME, 
2011). 
 
There are several reasons why construction industry professionals and contractors are not 
using BIM or BIM-based tools for their purpose. The main reason is that there is a lack of 
awareness in the Middle East regarding the use of BIM. Moreover, an adequate training and 
education system is not available for the contractors and sub-contractors to use BIM as an 
integrated tool for their construction project. In the Middle East, BIM is still regarded as a 
luxury software which is only used by experienced professionals and contractors. In Saudi 
Arabia, the civil engineers and construction engineers are the major construction industry 
professionals, who are controlling the construction market in the country. As a result of this 
scenario, a discriminative distribution of BIM has been among different construction 
industry professionals while support from all professionals is required for a successful and 
cost-effective project completion (Sodangi et al., 2017).   
3.9.1 Survey Results Regarding BIM Adoption in the Middle East Region 
The survey findings and conclusions from BuildingSMART (2011) are listed below:- 
1. Contractors were the major users of BIM, while construction consultants used BIM 
for construction project design.  
2. Within the construction sector in the Middle East, BIM adoption was highest 
amongst the developers. 
3. Overall BIM adoption in Middle East was relatively low compared with North 
America and Western Europe. 
4. Nearly 54% of construction professionals did not use BIM. 
5. Nearly 21% of the participants in the BuildingSMART survey were not aware of 
BIM and so were unable to complete the survey regarding the adoption and 
awareness of BIM in the Middle East. 
6. Nearly 25% of the participants reported that they used BIM for their own purpose. 
7. In the Middle East, the adoption of BIM was still at beginner level and they were 
using BIM for graphical visualisation of the project 





the respondents had a high regard of BIM benefits 
9. BIM adoption needs to be mandated and encouraged by the governments in Middle 
East countries. 
10. General capabilities and training programmes regarding BIM usage should be 
promoted and taken by the construction industry professionals. 
11. BIM education and occupation knowledge regarding BIM needs to be initiated in the 
academic curriculum in Middle East region. 
Thus, the main finding from this survey was that the BIM adoption level was very low in 
Middle East countries, considering the BIM adoption percentages of North America and 
Western Europe. 
3.9.2 Survey Results Regarding Barriers to BIM Adoption in the Middle East Region 
According to the survey findings from BuildingSMART (2011), in the Middle East the main 
barriers to BIM adoption are as follows: - 
1. Lack of experienced and skilled staff who are knowledgeable and equipped to use 
BIM. 
2. Cost of BIM implementation. 
3. Lack of education and lack of proper training in using BIM. 
4. Nearly half of the respondents mentioned that they had a very low level of knowledge 
and understanding about BIM usage, and their learning and knowledge were self-
learnt.  
 
As far as the Saudi Construction Industry is concerned, BIM technology is still in its 
immature stage, while the level of awareness is emerging in Saudi Arabia.  Kazi (2005), 
states that due to the lack of already trained professionals and the lack of professional 
training, most of the construction companies and contractors are not using this relatively 
new technology in their projects. Moreover, another important fact which is acting as a key 
barrier to BIM adoption is the negligence and unwillingness to adopt new technology, an 
attitude found among the construction industry professionals and clients.  
 
However, the BuildingSmart (2011) survey omits to mention that the public sector in Middle 
Eastern countries is not taking any steps towards mandating the use of BIM at least for public 
projects.  In addition, it fails to point out that there is a dire need for BIM guidelines, 
standards and manuals as well as a government department, taskforce or a national BIM 





industry groups in the Middle Eastern countries that were surveyed. 
 
3.9.3 Discussion of BIM Survey Results with Regards to Saudi Arabia  
Although the benefits of BIM can be monetized in terms of cost-effectiveness and time-
effectiveness in completion the construction project, it is proving difficult to inform people 
about such benefits of BIM in Saudi Arabia. Furthermore, there is no structured initiative 
from the leaders of the construction industry or the government of Saudi Arabia in using 
BIM for construction projects. However, some private sector construction organizations 
have taken initiatives and incentives in order to promote the use of BIM in Saudi Arabia, 
and construction professionals are expecting an emerging future for BIM in the Saudi 
Arabian construction industry.  
 
Moving far from the conventional 2D CAD program and paper-based practices to BIM and the 
strategy for sharing a 3D visual models has tremendous advantages. Nevertheless, there could be 
a few barriers or challenges that may influence the implementation of BIM within construction 
organizations in Saudi Arabia. Therefore, in light of the above, this study is researching why 
such a valuable instrument is not generally utilized as a part of the construction industry in the 
Kingdom of Saudi Arabia, what the barriers are to this, and what strategic procedures can be 
actualized for the most effective adoption and acceptance of BIM. 
 
3.10 BARRIERS TO IMPLEMENTING BIM IN THE KINGDOM OF SAUDI 
ARABIA 
The successful implementation and acceptance of BIM technology by the construction 
industry in KSA is intended to be an abandonment of previous methodologies characterized 
by the physical movement of paper-based designs and written communication from 
government officials (Azhar, 2011). With the BIM platform, this methodology will have to 
be abandoned and replaced by correspondence through software collaboration tools. The 
hesitance in adopting the new technological options of collaboration may hamper the 
successful implementation of BIM in Saudi Arabia, regardless of the capital outlay and 
sophisticated level of the applications (Sodangi et al., 2017).  
 
Secondly, the implementation of BIM in Saudi Arabia’s construction projects may be slowed 
down by the technical capabilities of the professionals who are required to participate actively 
on the BIM platform (Ikediashi et al., 2014). It is expected that government officials, appointed 





available through BIM. Failure to engage technically competent users in BIM would be 
detrimental to any such project as then it would not yield the intended efficiency. 
3.11 TOWARDS IMPLEMENTING BIM SUCCESSFULLY IN THE KINGDOM OF 
SAUDI ARABIA 
The successful implementation of BIM requires not only a top-down implementation 
strategy but a bottom-up one too, which regulates the working practices of the 
construction industry as a whole and facilitates the smooth flow of information into and 
from a BIM database (Vass and Gustavsson, 2017). This requires appropriate planning, 
patience and the full commitment of all stakeholders. The initial phase of BIM 
implementation concerns the establishment of a work schedule through an action plan. 
The plan ensures that implementation will remain on track throughout the project life 
cycle. The planning phase concentrates on collecting pertinent information regarding the 
present techniques, the procedures and the technical capabilities of the customer. 
Ascertaining the prevailing conditions can help the relevant organization or government 
department understand the technical, professional and economic capabilities required 
(Krygiel et al., 2010). Once these parameters have been established, the next phase is 
implementation.  
 
Effective implementation of technological innovation in construction requires an 
understanding of the complexity underpinning the process as it is essential for 
construction organizations to plan and control the implementation of any innovative 
concept within controlled budgets and time scales (Motawa et al., 2004). The transition 
to BIM depicts a major move towards a new CAD workflow platform, which requires 
the reorganization of employees according to the changes in their roles. The most notable 
change is the redefinition of the drafters’ roles. In some instances, it may become 
necessary to replace the current staff with those who are BIM-competent.  
 
Training regarding BIM application and implementation among the stakeholders and staff 
is another critical aspect to consider while planning for BIM implementation. This is in 
light of the new concepts introduced by BIM in comparison to a conventional CAD 
workflow. The training entails preparing the users with the knowledge and capacity to 
facilitate the smooth flow of information to and from the BIM database.  
 
Thus, for BIM to work successfully in KSA, based on the comprehensive literature review 





 BIM awareness 
 IT requirements 
 Training of construction staff and stakeholders 
 Working culture shift in the construction industry 
 
3.12 IMPACT OF LITERATURE REVIEW ON THE AIM AND OBJECTIVES OF 
THE RESEARCH 
In order to conduct this research in the field of BIM, a comprehensive literature review was 
required, and therefore this chapter conducted a literature review on an introduction to 
Building Information Modelling (BIM). Though the main purpose of this research is to find 
out the current situation of BIM, awareness regarding BIM adoption and implementation in 
the construction industry of KSA, and barriers of BIM implementation in KSA, a basic 
understanding and background of BIM implementation and usage help the researcher to 
understand the situation. The basic concepts of BIM in the construction industry, along with 
the digital illustration and representation of BIM and the evolution of its different stages have 
been evaluated throughout the literature review. Then the benefits and challenges of BIM 
implementation were critically reviewed to understand the context of the Kingdom of Saudi 
Arabia.  
Overall, this literature review aimed to provide an understanding of the research context 
about BIM and to help the researcher to meet the research aim throughout this study. 
Accordingly, some small changes have been made to the original research aim and 
objectives: the aim has been rewritten and shortened and more research objectives have been 
added after the literature review had been completed, with the intention of improving the 
research so it is clear and unambiguous, and making the research aim and objectives more 
concise and streamlined. Furthermore, the data collection from the research design 
perspective has two stages. The first is essentially concerned with collecting information and 
data concurrently from Saudi construction industry personnel by the use of a questionnaire 
survey and semi-structured interview questions. The statistical software SPSS was used to 
conduct the descriptive and inferential statistical analyses from the questionnaire, whilst 
interview data were analysed using the thematic content analysis method. The second stage of 
the research design was to further develop a framework for BIM implementation in the 
construction industry of Saudi Arabia based on the findings of the research and the analyses. 





Al-Shehri (2012), who made use of interviews as the main method for collecting data and 
then subsequently conducted a questionnaire survey to validate the findings and generate 
recommendations. 
3.13 SUMMARY OF CHAPTER THREE 
BIM is considered to be a feasible solution for project planning as it makes defining, 
analysing and annotating the plans and designs more practical and ensures design 
compliance with the appropriate engineering standards. At the same time, BIM allows 
modelling to take place through real-time examination, and enables designer feedback, all of 
which expedites the design procedure and reduces the likelihood of problems. Furthermore, a 
good perception of the subassemblies with their various purposes enables the competent 
construction of precise, construction-complete corridor models. In other words, using points, 
shapes, links, codes, road models and target parameters that can be tailored to the specific 
requirements of a design, will mechanize several repetitive and complex design and 
sustainability responsibilities, such as labelling and updating cross section sheets. Therefore, 
an understanding of the core components and techniques that are utilized when modelling 
with BIM is critical.  BIM provides appropriate information to ensure dynamic, criteria-
founded design. Ultimately, the key issues which have been identified in this literature 
review need to be further reviewed in the primary research phase of the project in order to 
gain additional updated knowledge on the Saudi Arabian construction industry. Conducting 
interviews with professionals on real world projects should help to achieve the aims and 
objectives of this research and consequently reach a conclusion on the hypothesis regarding 















4.1 INTRODUCTION TO CHAPTER FOUR 
After a review of the relevant literature in the preceding chapters, it becomes necessary to 
design a suitable strategy for the collection and analysis of the data in order to achieve the 
aim of the research. Doing this requires a demonstration of research principles and the way 
they impact the design for addressing the research objectives. Thus, this chapter discusses the 
methods and methodologies used for the research. The chapter first describes how different 
kinds of approaches were used to select suitable methods through which the research would 
be conducted. The chapter goes on to explain the adoption of the research strategy, the 
population involved in the research, the sampling of participants, and issues of ethics in 
research and the way these were addressed. In the last part of the chapter, the methods for 
obtaining the data are discussed, along with the techniques used for the data analysis. 
 
4.2 RESEARCH METHODOLOGY 
This section presents the proposed methodological framework for the research, and explains 
which research methods were utilized to achieve each of the objectives of the study. 
According to Fellows (2015), the practical method used for the procedures and the principles 
for the operation of the scientific research are generally referred to as the research 
methodology. There is also a substantial body of knowledge concerning research principles, 
which describes the philosophical prospects, methods, designs and strategies. Bryman and 
Bell (2015), Creswell (2012), Saunders et al., (2012) and Kagioglou et al., (2000) exemplify 
different kinds of model for conducting social research, and writings by these authors were 
used to develop the research methodology. 
Saunders et al., (2012) have categorized research into six phases and have presented the 
model as a research onion as can be seen in Figure 4.1.  They separated the research into 
categories incorporating approaches, strategies, philosophies, time horizons, choices, 
techniques and procedures, and each layer of the onion explains a more comprehensive phase 
of the research (Saunders et al., 2012). This method offers an efficient progression from 





description of the organization of the research as the strategy of the research and also gives an 
explanation in a theoretical way about the assumed issues used in the research design. Based 
on the work of authors, the philosophy phase was started by the researcher, who passed 
through each of the layers and continued till the layer in which final data collection methods 
are identified (Saunders et al., 2012). It follows that selecting a method for collecting data for 




Figure 4.1: The Research Onion 
(Source: Saunders et al., 2012) 
The research onion was found useful for this research due to its adaptability for almost any 
type of research methodology (Saunders et al., 2012; Bryman and Bell, 2015). The remainder 
of this section discusses the different areas of the research onion, based on the goal of the 
current research, and showing how these influenced the methodology adopted for this 
research.  
4.3 RESEARCH PHILOSOPHY 
Many researchers regard research philosophy as a significant factor for supporting any kind 
of research. The purpose of the exploitation of the methodologies used in the research and the 





research methodology as a method of understanding what is under investigation, with an 
emphasis on reliability of results, and thus it is important for the appropriate methods to be 
used which will deliver the right insights (Vanderstoep, 2009). The research methodology is 
important for research because it is the basic principle or philosophy which directs the 
research.  
A research philosophy refers to the set of beliefs concerning the nature of the reality being 
investigated (Bryman, 2012). It is the underlying definition of the nature of knowledge.  
(Bryman and Bell, 2015).  It is through the use of assumed issues in a research philosophy 
that the commencement of the justification and validation of the research is conducted (Flick, 
2011). According to Creswell (2012), ‘Research Philosophy’ refers to the nature and progress 
of knowledge. For the purposes of this research, it is imperative to understand the nature of 
knowledge based on the subject being investigated. This helps in ensuring the best approach 
to achieve the aim of the research being pursued.  
There are two traditional philosophies in relation to research, and these are positivism and 
interpretivism (Creswell, 2012). The choice of research philosophy is defined by the type of 
knowledge being investigated in the research project (May, 2011). As a result, understanding 
the researcher’s philosophy could be beneficial in the explanation of the matters assumed in 
the research procedures and the way in which they fit into the methodologies used in the 
research. 
4.3.1 Positivism 
Positivism regards science as constituting a collection of facts, with the role of theory 
restricted to the organization of these facts into a logically coherent system from which new 
facts can be deduced or predicted (Heather, 1996). Furthermore, positivism builds on 
advocating natural science methods as the only way to study the world (Arbnor and Bjerke, 
2009), including the study of social science (Bryman and Bell, 2015).  Bryman and Bell 
summarize the positivism principles as the principle of phenomenalism, the principle of 
deductivism, the principle of inductivism, and objective research procedures (Bryman and 
Bell, 2015). Saunders et al., (2012) support these principles and explain that the positivist 
researcher would most likely deal with a social reality confirmed by senses, create hypotheses 
based on existing theory, and then test those hypotheses using statistical analysis that leads to 
“law-like generalizations”. Saunders et al., (2012), also mention that positivism advocates 





Besides, positivism usually leads to a highly structured methodology and standardized 
observations to facilitate replication (Gill and Johansson, 2010). As some scholars (e.g. 
Hogan and Sinclair, 1996) argue, the replication possibility is an advantage of positivism that 
allows the validity of the research findings to be checked (Gill and Johansson, 2010). 
 
According to Brand (2009), the system of belief which arises from the practices in the natural 
sciences assumes that issues which are the subject of research are likely to be studied 
objectively and so their reliability can be recognized with a practical degree of certainty. This 
way of thinking is referred to as positivism and is consistent with the thoughts from Saunders 
et al, (2012), where it is plausible to investigate the social sciences in a corresponding way to 
that of natural science: in other words, the views and opinions of the researcher are 
eliminated in the research, so it is also referred to as a value-free way. 
4.3.2 Interpretivism 
According to Bryman and Bell (2015), interpretivism is an alternative to positivism. They 
explain that the study of people and their institutions is different from natural science and 
demands a kind of logic to explain the distinctiveness of human beings. Interpretivism argues 
that the social worlds of business and management are more complex to put them in 
generalized principles like physical science. Interpretation is shaped according to the 
researcher’s set of meanings that he or she gives to the world. Furthermore, some authors 
claim that the interpretivism perspective is most appropriate in social science research 
(Saunders et al., 2012), and it is often related to qualitative research (Bryman and Bell 2015). 
 
However, in comparison to positivism, interpretivism considers idealism and relativist 
positions in relation to ontological and epistemological conventions. Reality is viewed by 
interpretivism as socially built (Saunders et al., 2012) and hence is also referred to as social 
constructivism. The interpretivist view is that people determine reality and it is not generally 
obtained from external or objective factors (Easterby-Smith et al., 2002). The interpretations 
of people will affect their actions when they put themselves in distressed situations. 
According to social constructivism, people use disparate constructions and interpretations, 
based on their experience, due to their interaction with the environment through which 
situations are analysed and interpreted (Saunders et al., 2012; Easterby-Smith et al., 2002). 
 
Moving forward in this research, it was necessary to determine which perspective, 
interpretivism or positivism, would help to investigate the adoption and implementation of 





presents both objective and subjective approaches. Whereas the idea of BIM as a game 
changer can be objectively deduced based on its impact, there is subjectivity regarding the 
advantages of BIM and the likelihood of it being implemented in the Saudi construction 
industry. This subjectivity relates to the knowledge that people have of BIM and their 
experience with the technology, as well as their level of understanding on how collaborative 
working in the industry can lead to better outcomes. 
 
4.3.3 Choice of Research Philosophy 
Saunders et al., (2012), suggest that ontology and epistemology influence the choice of 
research philosophy, due to their impacts on the researcher who is thinking about the 
procedures of the research (Saunders et al., 2012). Ontology refers to the nature of 
knowledge and reality, whereas the concept of knowledge is defined as epistemology and the 
relationship between the researcher and his justified belief.  These two factors are discussed 
below in relation to how they influence the philosophy adopted, which ultimately decides the 
methodology for researching the adoption and implementation of BIM in the construction 
industry of the Saudi Arabia.  
4.3.3.1 Ontology 
As mentioned above, ontology refers to the nature of knowledge and reality. Two main 
ontological frameworks were identified to influence the process of the research: positivism 
and interpretivism (Monette et al., 2005). Furthermore, these frameworks can differ in 
description, such as referring to them as constructionism and empiricism, but in general the 
basic assumptions are very similar (Bryman, 2015).  There is also an assumption in 
positivism that reality exists independently from the issue being investigated. Generally, it 
means that the concept of phenomena is consistent between subjects (Newman, 1998), and 
for that reason, there is a single reality for understanding the nature of knowledge (of a 
phenomenon). Conversely, according to interpretivism, the inherent meaning of social 
phenomena is created by each observer or group (Östlund et al., 2011), leading to multiple 
realities. In this philosophy, one can never presume that what is observed is interpreted in the 
same way between participants and the key approach is to examine differences and nuances 
in the respondents’ understanding.  
 
Although there is a difference between the two approaches, there is no assurance that they 
form an intrinsic belief by the researcher which is then executed in all contexts of the 





another even though a researcher chooses one over the other.  Thus, the philosophy purely 
specifies the reasoning and validation of the research methodology.  
4.3.3.2 Epistemology 
The nature and concept of knowledge which is considered suitable in any specific field of 
study of knowledge is defined as epistemology (Bryman, 2012). Since it is closely associated 
with ontology and its assumptions of reality, epistemology considers views about the most 
appropriate ways of enquiring into the nature of the world (Easterby-Smith, Thorpe and 
Jackson, 2008) and provides a definition of knowledge and sources as well as the limitations 
of knowledge (Eriksson and Kovalainen, 2008). According to Collis and Hussey (2003), 
epistemology deals with the matters which the researcher accepts as or considers to be valid, 
consistent knowledge and their impacts on the research approaches. 
 
Questions of epistemology begin to consider the research method, and Eriksson and 
Kovalainen (2008), go on to discuss how epistemology defines how knowledge can be 
produced and argued for. The researcher’s stances on epistemology and ontology ultimately 
lead to the choice of research philosophy. The epistemological position of the researcher 
therefore determines how he goes about collecting data and interpreting what is gained. 
Within epistemology, there can be a “resources”, or “feelings” orientated researcher. The 
resources-orientated researcher would typically embrace a positivist position while 
developing knowledge, whereas the latter would possess an interpretive perspective 
(Saunders et al., 2012).  This leads to the embracing of the positivist position by the resource-
oriented researcher during the development of knowledge. 
 
Positivism in the context of social research would indicate the researcher would make 
generalizations based on observable social reality (Bryman, 2012). Realism, much on the 
lines of positivism, holds that reality exists independent of the human mind (Bryman and 
Bell, 2015). Interpretivism stems from the phenomenological perspective that requires 
researchers to take a different approach to humans unlike studying objects like phones or cars 
according to interpretivism, which is known as the phenomenological perspective (Bryman 
and Bell, 2015). This position leads to the concept of a single reality and suggests that the 
phenomenon can be modelled and represented with numbers. For the interpretivist or 
feelings-oriented researcher, therefore, the approach to gaining knowledge requires the 





researcher should then take an empathetic stance to comprehend the subjects from their own 
viewpoint (Saunders et al., 2012).  
 
The choice between the epistemological positions influences the approaches taken to collect 
and interpret data. For this research on BIM implementation in Saudi Arabia, the 
epistemological considerations were to determine two considerations: whether the subject 
being investigated would require different perspectives from the participants; or whether 
there was a need to assume that all participants would view the phenomenon of BIM adoption 
and implementation in the same way. Making a choice between the two perspectives required 
an understanding of the concept of BIM and a reasonable level of knowledge of BIM 
implementation. 
 
4.3.3.3 Methodology and Axiology 
Methodology elucidates the methods used during the research and the rationales behind the 
processes, such as inductive or deductive methodologies, and these are defined by the 
experience of researchers in the collection and analysis of the information (Denzin and 
Lincoln, 2011). These methods are influenced by the philosophical stance adopted by the 
researcher (Refer to 4.3.3.1 and 4.3.3.2 above). Whereas interpretivism leads to a more 
deductive approach to research, positivism, on the other hand, leads to an inductive search for 
knowledge. These approaches have led to the two traditional methods adopted for data 
collection and analysis: qualitative and quantitative methodologies (Yin, 2013; Creswell, 
2012; Denzin and Lincoln, 2011; Lincoln, Lynham and Guba, 2011; Mertens, 2010). The 
different methodologies are discussed in Section 4.4.  
Table 4.1 presents a summary of the different philosophical stances and their associated 
methodologies. 
Table 4.1: Properties of Two Main Research Paradigms 





Veracity (truthfulness) is 
exceptional. Reality exists 
before any investigation. 
 
Multiple truths may be constructed, 
based on the outlook of study. 








Events are divided into sub-
units. 
The distance between the 
investigator and investigated 
is maintained. 
Signifies interpretation. 
Events are studied as a whole. 
Keeps interactivity between the 
investigator and the investigated. 
Methodology 
Quantitative methods often 
employed. 
Employment of qualitative methods 
(Source: adapted from: Yin, 2013; Creswell, 2012) 
 
From Table 4.1 above, it can be seen that the two different philosophies lead to different 
approaches which can be pursued in research and hence for investigating the adoption and 
implementation of BIM. 
4.4 RESEARCH APPROACH 
The deductive approach and inductive approach are both used in research work.  Easterby-
Smith et al., (2002) elucidate that positivist research is more inclined towards a deductive 
approach, whereas interpretivist research favours the inductive one. As mentioned, these 
approaches have also led to the two traditional methodologies: quantitative methodology, 
which is aligned more with positivism, and qualitative methodology, which is more 
associated with interpretivism. 
4.4.1 Deductive Approach 
The approach in which the established theory is modified into a hypothesis and formulated in 
the research approach for its testing is referred to as the deductive approach (Silverman, 
2013).  Such an approach is suitable in a situation where examination of the research project 
is related to the observed phenomena which fit the appropriate anticipations from earlier 
research (Wiles et al., 2011). Hence, the deductive approach could be regarded as suitable for 
the positivist approach, which allows the preparation of theories and the statistical testing of 
anticipated outcomes to an acknowledged level of possibility (Snieder and Larner, 2009). The 
deductive approach is characterized as the development from general to particular: the 
general theory and knowledge base is first established and the specific knowledge gained 
from the research process is then tested against it (Kothari, 2004). Thus, the deductive 





According to Kerlinger and Lee (2000), there has been a domination of quantitative research 
approach for the last four to five decades. According to the positivist view of knowledge, 
quantitative methodology insinuates that there is one truth or a single objective reality in the 
world, which is influenced by unquestionable natural laws, and which does not relate to the 
human perception (Creswell, 2012). 
This single objective reality is deterministic, which signifies a cause and effect relationship in 
social problem (Creswell, 2012). Activists of the quantitative research approach use coherent 
methods which incorporate several numerical measurements of observation and confirmation 
of hypothesis and laws which rule the single objective reality in the world (Clarke and 
Dawson, 1999). The research problems are translated into quantitative data in numbers and 
figures which clearly analyse the research issue (Hair, et al., 2005). The quantitative 
approach, otherwise known as the scientific method or fixed design approach (Anastas and 
MacDonald, 1994, cited in Robson 2002), is obtained on the assumption that there is a single 
reality which is the objective. 
According to epistemology, the quantitative research approach is advocated due to its 
adherence to an objective position in research, which insinuates that researchers must detach 
themselves from the object of the research (Neuman, 2006). Such a position is in accordance 
with the need to avoid biases and subjectivity in the process of inquiry (Creswell, 2012).  
In accordance with the above discussion, therefore, the social or human problem is examined 
through the quantitative approach in relation to the social science which depends on 
theoretical assumptions relating to the gathering and analysis of practical data in order to 
determine whether the extrapolative generalization of the hypothesis is valid or not (Abdulai, 
2007; Creswell, 2012). Hence, the characterization of quantitative research is as follows: 
 
 In order to achieve the objective, the researcher remains detached and autonomous 
from the sample to achieve an objective and unbiased assessment of the situation. 
 It uses a deductive form of logical reasoning, such that concepts, variables and 
hypothesis are chosen and maintained from the beginning to the end of the study.  
 It generally utilizes packages of statistics for conducting descriptive and deductive 
numerical analysis of the data, to test the reliability and validity of the results. 
 The direction of the research is provided by the literature review. In accordance with 
this, a framework is developed and data is collected and analysed for the purpose of 





4.4.2 Inductive Approach  
The inductive approach is characterized as one that moves from the particular to the general 
(Bryman and Bell, 2015). In this method, the beginning point is considered as observations 
for the researcher, and patterns are observed in the data (Beiske, 2007). In the inductive 
approach, there is no framework which usually advises how the data collection will take 
place, and the focus of the research can then be developed after the collection of data (Flick, 
2011). Despite a generation of new theories, it is also accepted that as the data is analysed it 
may be observed as suitable for an existing established theory (Bryman and Bell, 2015).  
Such a method is basically used in qualitative research, in conditions where there is no theory 
for notifying the research process, which may be of advantage as it reduces the potential for 
researcher bias in the data collection stage (Bryman and Bell, 2015). The interviews are 
conducted in association with particular phenomena and then the information can be 
investigated for patterns among respondents (Flick, 2011). However, such a method could 
also be used effectively within positivism methodologies, in which analysis of data produces 
the most important patterns which are used to notify the production of outcomes. 
The qualitative research approach entails inductive orientation as well as an exploration of 
comprehensive social and human challenges where information is collected from the 
participants in their natural environment by the use of evolving flexible queries and the 
process involved (Creswell, 2012). However, there are many designs, such as ethnography, 
phenomenology, grounded theory, narrative and case study (Creswell, 2012).  
 Investigation of an intact cultural group is studied in its natural environment over a 
longer period of time, based upon ethnography (Flick, 2006; Creswell, 2012), where a 
collection of data is achieved through questioning and observations. 
  For the formation of a general abstract theory, the processes, design and interactions 
or actions are grounded in the perspective of members in grounded theory (Creswell, 
2012), where collected data are refined in several stages. There is also the 
identification of resemblances, disparities, and interrelationships of data for the 
formation of grounded theory (Neuman, 2006).  
 A profound study and analysis of process, activity, event or people over a period of 







The study of phenomena based on human experiences and their exemplification (Gomm, 
2008) for the formation of meaningful patterns about that phenomenon is referred as 
phenomenological design. Further, there is a study of the life of several individuals by the 
researcher according to narrative research. Then, data are collected from the people about 
their lives and those data are organized in a systematic manner so that both narrators’ and 
researchers’ opinions are meaningful (Creswell, 2012). 
 
4.4.3 The Mixed Methods (Pragmatic) Approach 
Some researchers are of the view that the traditional approaches which lead to either 
qualitative or quantitative research methods may not always be appropriate for a given 
research (Glasgow, 2013; Onwuegbuzie, and Leech, 2005; Maxcy, 2003). There are instances 
in which the researcher may need to combine aspects of the two traditional approaches in 
order to ensure that the research objectives are achieved. This leads to the concept of mixed 
methods.  This approach stems from a pragmatic perspective, which suggests that positivism 
and interpretivism are not opposing views, but rather represent the two ends of a continuum 
(Glasgow, 2013; Feilzer, 2010; Creswell, 2012; Amos and Pearse, 2008; Denscombe, 2007).  
As presented by Creswell, the fresh approach of research generally known as multi-
methodology is an approach with mixed methods (Creswell, 2012). The motivation for this 
realistic position is that the truth only works at a specific point of time and it is important for 
the researcher to focus on the social issue, and in addition, gather every single required 
philosophy, as well as the necessary methods and tools, for addressing the problem (Collins 
et al., 2006).  
A mixed design approach may also be used in research (Robson, 2002), as it makes use of 
two or more methods, and could yield both quantitative and qualitative data.  The quantitative 
research method gathers information for comparison with one another. The use of such 
methods is reasonable for developing quantifiable and comprehensible outcomes (Bell, 
2009). Thus, one of the techniques of data collection that is regarded as significant is the 
quantitative method. Further, the collection and analysis of quantitative data are done through 
other common methods which involve statistics and survey techniques.  
 
The use also of the qualitative method helps in filling the void formed by quantitative 
research which gives importance to numbers, statistics and percentages. In comparison to 
quantitative methods, qualitative investigations are not focused on the quantification of data, 





The determination of relationships, categories and assumptions for notifying the participant’s 
perspective of the world is the main objective of the analysis of qualitative information 
(Basit, 2003). 
 
Whereas the positivism and interpretivism stances align with quantitative and qualitative 
research respectively, the pragmatic stance aligns with a mixed methodology where both 
quantitative and qualitative methods can be adopted for a single study to investigate different 
aspects of the phenomenon. 
 
Many researchers praise the mixed-method approach. Johnson and Turner (2003), for 
example, defined their "fundamental principle of mixed methods research' in which "methods 
should be mixed in a way that has complementary strengths and non-overlapping weakness. 
The advantages of the mixed method are the ability to answer questions that other 
methodologies cannot, and the opportunity for presenting a greater variety of opinions 
(Johnson and Turner (2003). Most importantly, such an approach is a mixture of qualitative 
research and quantitative research. Many researchers are of the view that a prudent 
combination of quantitative and qualitative approaches can include the strengths of both 
methods (Creswell, 2012; Felizer, 2010; Maxcy, 2003; Jackson and Mead Niblo, 1999). 
 
Chynoweth (2009) states that academic inter-discipline and working practices within the 
construction industry are based on relationships and multi-disciplinary processes. Therefore 
research in BIM is particularly applicable, as it is an associated set of working processes and 
procedures facilitated with the application of modelling technologies (Eastman et al., 2011).  
Fellows and Liu (2008) state that understanding research in the built environment is better 
facilitated through the application of mixed methods which can determine the perspectives of 
the participants in the research process. This is important from a BIM perspective because 
BIM brings together participants in a collaborative, cooperative and proactive manner 
through a common source of information (Outreach, 2012) in order to create new knowledge 
through a more practical research approach that can facilitate the implementation of BIM 
processes and technology within construction organisations.  
4.5 THE SELECTED RESEARCH DESIGN FOR INVESTIGATING THE 
ADOPTION AND IMPLEMENTATION OF BIM IN THE SAUDI ARABIAN 
CONSTRUCTION INDUSTRY 
From the discussions carried out in Sections 4.3 and 4.4, an appropriate design has been 





the directions for linking the elements of the methodology adopted for an investigation in 
association with the model to the strategy of the research, and then linking the strategy to the 
approaches for the collection of pragmatic data. Based on this, Creswell (2012) advises that 
the research design should link the research questions, the data collected and the results. After 
the review of research philosophies and approaches, this section presents the design adopted 
for this research and provides a justification for how it can help to ensure this research leads 
to reliable results. 
4.5.1 Philosophical Stance 
According to Creswell (2012), for any investigative research whose main objective is to find 
the factors or variables which impacts the result of determining the causes, the positivist 
approach is adequate. Since the goal of the current research is to study the extent of the use of 
BIM and to identify the barriers to it in the Kingdom of Saudi Arabia, which has an impact 
on the results of construction project delivery, this study has adopted a positivist paradigm to 
underpin the research. As one of the major goals of using positivism in the present research is 
to obtain valid and reliable knowledge as a set of universal principles that can explain, predict 
and control human behaviour across the target sample. Thus, the positivist researcher takes a 
controlled and structural approach to conducting research by initially identifying a research 
topic, constructing appropriate research questions, adopting a suitable research approach, 
collecting data, and analysing and interpreting the relationships between the variables 
(Denzin and Lincoln, 2011).  
Henceforth whilst the literature is prevalent with the many uses of BIM in the global 
construction industry, there is little or no empirical evidences of investigating the uses of 
BIM in Saudi construction organizations. This suggests that the identified relationships may 
not be exhaustive enough or some do not actually exist, as such, there is need for exploration 
to fully ascertain the relationships. This realization has led to the need for an interpretivist 
look at the implementation of BIM in Saudi Arabia, as the level of adoption is likely to be 
related to the subjective views of the parties within the construction industry which are 
expected to adopt BIM. 
As discussed in 4.4.3, there are instances where a researcher may combine different 
perspectives or rational opinions based on the nature of the problem to be studied (Creswell, 
2012; Felizer, 2010). There was a need, therefore, to test for the knowledge and benefits of 





quantitative approach, yet at the same time to use a qualitative approach to gather views on 
the factors and contexts specific to Saudi Arabia that may influence the kingdom’s adoption 
and implementation of BIM. This research, therefore, has adopted a pragmatic view, taking 
advantage of both positivism and interpretivism (Creswell, 2012). 
4.5.2 Research Approaches 
In order to find the appropriate study approach, different approaches are used, such as 
deductive and inductive research, which are developed from epistemological or theory 
applications, as well as the type of questions asked by the researchers. Considering the 
epistemological positions discussed in Section 4.3 as well as the research questions presented 
in Chapter 1, this research has taken a mixed approach to the study, which aligns with the 
deductive approach was taken to investigate the Saudi Arabian construction industry, in terms 
of the extent of the use of BIM, its functionalities and improved project performance, and the 
challenges of implementing BIM in Saudi Arabia, as it starts from more generalizations to 
more specific. 
 
As the research study investigates the extent of the use of BIM and identification of the 
barriers to it in the Kingdom of Saudi Arabia, the quantitative approach has been used in 
order to provide a clear insight into the study. As presented in Saunders et al., (2012), the 
deductive method can be used to answer queries relating to who, what, when, where, how, 
how much, and how many. For instance, it helped it answering the research question “What is 
the level of awareness on BIM in the Saudi construction industry?”. 
On the other hand, some aspects of the research demanded an inductive approach, so as to be 
able to understand the reason for the current level of adoption of BIM within the Saudi 
Arabian construction industry and how this could be improved. This required the use of 
qualitative approaches which were aligned with the interpretivist perspective. As Yin (2013) 
suggests, the qualitative approach helps to answer questions about ‘how’ and ‘why’ by 
delving deeper into the issues being investigated. This helps to bring different views (multiple 
realities) of the problem, thus enabling a better comprehension of the issues. For instance, it 
helped in finding the strategies to adopt in answering to the research question “How could 
BIM be adopted more in the Saudi construction industry?”. 
This research, therefore, took a varied methodological approach uniting aspects of both 






4.6 RESEARCH METHODS  
After deciding the approach to be adopted, the researcher was faced with different options of 
methods based on the approach adopted. Research methods were selected to provide the types 
of collection of information, analysis and interpretation for developing the results of the 
research. Saunders et al., (2012) suggest that research methods are ‘research strategies’ or the 
tools employed to conduct the research. These include experiments, surveys, case studies, and 
interviews (Saunders et al., 2012).   According to Moody (2007), the success of any study 
depends on the methods selected to gather data. Each method presents a set of pros and cons 
which are related to the research approach adopted. The survey research method is known to 
be especially applicable where opinions relating to facts are sought (Descombe, 2007). 
Interviews, on the other hand, are used to gather in-depth information on a phenomenon, 
while case studies are adopted when a phenomenon is to be studied in its real-life context 
(Cohen et al., 2000; Yin, 2013).  
As this research took a pragmatic approach by making use of both quantitative and qualitative 
methods, different methods were adopted, with the main two being a survey by means of 
questionnaires, and interviews, as discussed below.  
4.6.1 Questionnaire Survey 
A questionnaire survey was undertaken as according to Denscombe, (2007), this allows to 
determine information such as opinions and perspectives from the participants in addition, to 
answering “Who”, “What”, “Where”, “How many”, and “How much” types of questions. 
One of the cheapest and simplest ways of gathering a large amount of quantitative 
information is through a questionnaire. This can be given to any individual at any time, and 
one does not need to investigate when the participants answer the questions. Questionnaires 
may be utilized in various ways such as by telephone, e-mail, internet, or face-to-face 
interview (De Vaus, 2002; Naoum, 2008). Cautiously structured questions, which are 
selected after careful consideration, can only be compiled after the literature review as the 
questions should be linked and correlate with the findings of the literature. The major 
objective of the questionnaire is to obtain reliable responses from a chosen sample, with the 
aim of finding out what a selected group of participants do, think or feel (Collis and Hussey, 
2009).   
Considering the strengths of this method, the questionnaire was used to gather facts on the 





barriers to the adoption of BIM and its advantages. Gaining this information required the 
views of a good number of professionals in the industry to ensure a representative answer 
was gained.  
Certain precautionary measures were taken when designing the questionnaires. The questions 
were designed in a way that would be comprehensible to the respondents. As McQueen and 
Knussen, (2012), emphasizes the questions must be clear and easily understood by the 
respondents. It should be easy to administer so that the recorded answers can be easily edited, 
coded and transferred onto a computer file for statistical analysis and its flow, length and 
structure must motivate respondents to complete the questionnaire. 
4.6.1.1 Design of the questionnaire 
A questionnaire may incorporate open-ended questions along with close-ended questions 
with a scheduled group of answers for the participants to select from (Fellows and Liu, 2009). 
Numerical responses can be obtained from the use of closed questions, thereby providing an 
opportunity to use descriptive or inferential statistical analysis, while the open-ended 
questions allow the researcher to review further and discover a richer meaning to the 
responses of the closed questions. The use of a questionnaire enabled primary data to be 
collected from construction professionals in Saudi Arabia regarding the level of awareness of 
BIM, views on advantages of BIM, functionalities of BIM, and their experiences with BIM, 
as well as to identify the obstacles to the use of BIM in the Saudi Arabian construction 
industry. Utmost care was taken to ensure that the questions were organized in a similar 
manner. For the purpose of this research the awareness of BIM equates to the “knowledge 
that something exists, or understanding of a situation or subject at the present time based on 
information or experience” as defined in the Cambridge Dictionary (2018). 
 
The design of a good questionnaire is vital in achieving a successful response rate, as in the 
past the rate has been quite low, especially in the construction industry (Soetento 2006). In 
order to achieve this, a piloting process was first undertaken. The questionnaire was designed 
based on the research aim and objectives. The issues were also obtained from the literature 
review. 
The questionnaire consists of 5 parts. The first part consists of ten questions which requested 
information on the background of the participants and their company (demographics). The 
second part focuses on the use of BIM in the Saudi Arabian construction industry and this 





and the use of the Likert scale helped to ensure that the answer options provided variations 
for the respondents. For example, questions on the level of awareness and familiarity were 
designed to not just provide a yes or no answer, as according to Johns (2010) this greater 
flexibility provides the advantage of capturing different levels and views on the Likert scale. 
The answer options ranged between two extremes, from ‘not aware/not familiar’ to ‘expert 
user’. Between these extremes, respondents were able to select their level of awareness from 
minimal familiarity to a high level of familiarity. The answer options were carefully chosen 
so as to be simple for respondents to understand and relate to. The third part focuses on the 
awareness and benefits of BIM in the construction industry of Saudi Arabia and consists of 
thirteen questions. Part 4 focuses on the barriers to adopting BIM in the Saudi construction 
industry and consists of ten questions, whilst part 5 focuses on the strategies for the greater 
adoption of BIM in the Saudi construction industry and consists of eleven questions.  
The questionnaire was designed and written in English. However, most of the participants 
communicate in Arabic, and it was therefore translated into Arabic for some participants, so 
as to ensure that they fully understood the questions. To ensure that there was no loss in 
translation the questionnaire has been checked by translation services.  
4.6.2 Interviews 
An interview is an appropriate way of collecting weighty and in-depth information and views 
relevant to the issue being investigated (Denscombe, 2010). Participants were asked a range 
of designed questions by the interviewer in relation to the research in order to collect answers 
that would be relevant to the goal of the research (Bailey, 2007).  A face-to-face interview is 
necessary where interpersonal contact is important for describing the situation, and so the 
information of the respondent is acknowledged (De Vaus, 2002). Adopting interviews as a 
method of data collection has several benefits. It provides an opportunity for better 
communication between the participant and the interviewer, providing better control of the 
process of the interview (Naoum 2008).  Furthermore, there is also a higher chance of 
obtaining detailed and in depth information that is of high quality. Other advantages are in the 
accuracy of the answers, speed, and high response rate, flexibility to reframe the questions 
and give the researcher chance to seek further clarification of the issues and obtain more 
details (Naoum 2013). 
There are three forms of interviews: unstructured, structured and semi-structured (Bailey, 





research where the interviewee is allowed to develop ideas and follow their sequence of 
thought, whereas in a structured interview, questions are provided to different interviewees in 
a similar order and in similar wording in a strictly controlled format of questions and answers 
(Silverman, 2003). In fact, it is like a questionnaire being used in a face-to-face interview 
(Denscombe, 2007). However, in a semi-structured interview, there is more flexibility with 
respect to the order in which questions are responded to. It also provides the respondents with 
the opportunity to form ideas and speak clearly about them. Therefore, semi-structured 
interviews were adopted in conducting the present research. 
The adoption of interviews as a data collection method helped to gain further insight into the 
problem of BIM utilization and execution in the construction industry of Saudi Arabia. For 
such research, there was a need to understand why the level of BIM adoption and 
implementation is low in Saudi Arabia and how this could be improved. Such information 
required in-depth knowledge and analysis of the questions, and the semi-structured interview 
provided the best means to gather this information.  
To gain the views and opinions of Saudi construction professionals, interviews were used to 
investigate the adoption of BIM in construction organizations in Saudi Arabia in terms of the 
benefits of BIM and the type of strategies that can be put in place for its implementation. The 
next section discusses how data was collected for this research, based on the chosen methods. 
 
4.7 DATA COLLECTION 
Saunders et al., (2012) regard the data collection and analysis as the most important aspect of 
the research undertaking. This is illustrated and explained in this section of the research. 
4.7.1 Ethical Considerations 
It can be said that this is the most important aspect of field research (Bailey, 2007). Ethical 
considerations are crucial for protecting the participants as well as their organizations. They 
also improve the quality of research and can defend it from any improperness (Creswell, 
2012; Farell, 2011). 
Ethical issues were given great importance in conducting this research, in terms of the 
selected topic, data collection process and analysis. The research was carried out in such a 
manner that the confidentiality and integrity of participants were respected and valued. The 
objectives of the research were openly stated to the participants, and it was ensured that they 





by them would be destroyed at the end of the research. The questions were designed in such a 
manner that they were free from any threat or any kind of misguidance or deception. Prior to 
contacting any of the participants, ethical approval was obtained from Wolverhampton 
University’s School of Architecture and Built Environment Ethics Committee. 
4.7.2 Sampling Types 
The method by which individuals from a group of people are selected to take part in the 
collection of data during the research is known as sampling (Saunders et al., 2012). There are 
two methods of sampling for the purposes of research: 
 Probability or representative sampling – whereby each sample has the chance of being 
selected randomly. 
 Non-probability or judgmental sampling – whereby generalization is not significant, 
and each sample does not have the chance of being selected randomly. 
4.7.2.1 Probability Sampling 
There is a certain level of unpredictability in relation to the selection process when units are 
selected from the given population, and this is termed as probability sampling (Trochim, 
2006). The chance of selecting any unit from the population is basically equivalent to the 
method employed (Saunders et al., 2012). These methods are generally used in research 
strategies involving surveys when statistical implications are required for analysis of data 
such that outcomes may be regarded as representative of the population (Saunders et al., 
2012). Bryman and Bell (2015) assembled probability sampling into four different types: 
 
1) Systematic Sampling  
2) Simple Random Sampling 
3) Multi-Stage Cluster Sampling 
4) Stratified Random Sampling 
4.7.2.2 Non- Probability Sampling 
If the goal of the research requires an alternative way of choosing the sample, then non- 
probability sampling techniques are utilized (Saunders et al., 2012).  Saunders et al. (2012) 
explain that non-probability sampling consists of purpose sampling as one of the strategies. 
Such sampling is conducted when generalization is not significant, and it is not plausible to 






1) Quota Sampling - Whereby the aim to represent the major characteristics of the 
population by sampling a proportional amount of each respondent. It is easier to 
organize and more reliable as compare to random sampling  
2) Convenience Sampling - Whereby any subjects are selected because of their 
convenient accessibility and proximity to the researcher. They are not representative 
of the entire population.  
3) Snowball Sampling - This is usually carried out when there is a very small population 
size. Whereby research participants recruit other participants for who also meets the 
criteria of the research. It is used where potential participants are hard to find for the 
study and allows for studies to take place where otherwise it might be impossible to 
conduct because of a lack of participants. 
4) Purposive Sampling - The main objective of a purposive sample is to produce a 
sample that can be logically assumed to be representative of the population. This is 
often accomplished by applying expert knowledge of the population to select in a 
non-random manner a sample of elements that represents a cross-section of the 
population (Bryman and Bell 2015). 
The procedure and design of sampling are very significant for the design of the research. As a 
result, in the context of this research ‘Probability Sampling’ using Simple Random Sampling 
is proposed to be used to select participants for the research. The reasoning for this is to target 
a large number of participants with the required skill set, so as to acquire a significant 
response that will enable swift and focal data collection.  
 
For this research, a probabilistic sampling approach was adopted to collect quantitative data 
through the use of a questionnaire. This helped to ensure the data gathered was representative 
of the industry. For the purposes of the interview, however, a non-probabilistic sampling 
method was used where different professionals were purposely selected for the interview 
using purposive sampling approach. 
4.7.3 Quantitative Data Collection Through Questionnaires 
The quantitative data was collected using questionnaires. This section discusses the sampling 
technique found to be suitable in collecting the quantitative data; how the questionnaire was 
piloted and improved; the channels used in distributing the questionnaires; and the sampling 





4.7.3.1 Sampling Technique Adopted 
Sampling is the technique by which units from a population are chosen to participate in the 
data collection phase of a research (Saunders et al., 2009). Hence, for the context of this 
research, the simple random sampling technique was used to select the quantitative research 
participants. The reasoning for this was to target a large number of participants with the 
required skill set, so as to acquire a significant response to enable swift and focal data 
collection.  
 
Considering the goals and the time constraints of this research, the sample population used 
for this survey were construction personnel working in construction organizations operating 
in Saudi Arabia. The research samples for the questionnaire were chosen randomly. The aim 
was to have an even distribution that would be representative of the population. Therefore, 
construction professionals were given a chance to participate in the study. 
 
In order to reach out to all the construction professionals working in Saudi Arabia, the 
questionnaire was distributed through the government ministries, higher educational 
institutions and the Saudi council of engineers. All construction companies and professionals 
practicing in Saudi Arabia are registered with the council. Therefore, it is a very good 
channel of reaching out to the population. However, some professionals may be working in 
the higher educational institutions as lecturers or in the works department. These were also 
contacted directly, though may have already been reached through the council. Similarly, 
professionals working in the government ministries were contacted directly though they may 
have been reached already through the council.  
 
4.7.3.2 Questionnaire Piloting 
Initially, in order to ensure the adequacy of the questionnaire, a pilot exercise was carried out 
amongst a small number of respondents from the Saudi Arabian construction industry, so as 
to act as a rehearsal for the main questionnaire. This was to ensure that the research 
objectives were met, the questions were clear and unambiguous, and the length of the 
questionnaire would be appropriate, and to identify any significant topic omissions, and any 
questions that a respondent would feel uneasy about answering or commenting on (Creswell, 
2009; Zikmund et al., 2010). This would allow an accurate representation of the constructs of 
interest, and ensure the usefulness of the data (Roller, 2015). Then further to this, the pilot 
questionnaire, which included questions for pilot testing feedback and improving the 





‘surveymonkey.com’. This was utilized as web-based questionnaires are an alternative to the 
traditional methods of questionnaire distribution and data collection and are now frequently 
used for research studies.  
The piloting respondents were asked for their opinion about the survey and to give a review 
on the layout of the questions, wording, and order. Through construction industry 
associations and professional bodies, the questionnaire was given to construction 
professionals and further personal contacts of the researcher within the construction industry 
of Saudi Arabia. The use of the industry associations helped to ensure that there was a 
reduction in any bias; a random sample was therefore obtained from the industry associations.  
 
The respondents to the pilot survey included architects, project managers, construction 
managers and civil engineers, who checked that the questionnaire was adequate for relevance, 
length, clarity, conciseness, complexity and layout, and who had the opportunity to provide 
general feedback, stating their reasons. A total of 11 responses were obtained from the 
piloting process. Whereby simple random sampling was used to determine the degree of 
variation in the population studied, the population size and the desired margin of sampling 
error. 
From the feedback provided by the responses to the pilot questionnaire, some of the 
comments and suggestions reported a completion time of about 50-60 minutes. Some 
respondents pointed out that some of questions were asking irrelevant and unnecessary 
information. It was also highlighted that some questions were too technical to answer. In 
particular, it was suggested that some questions were ambiguous, and the number of possible 
answers should be reduced. In addition to this it was suggested that the structure of the 
questionnaire could be improved by allowing room for comments to be made. 
Subsequently refinements were made to improve the questionnaire survey. The questions 
seeking irrelevant and unnecessary information were completely removed, thus reducing the 
number of questions and making them short and to the point. For example, a question asking 
what is your specialization in construction projects was removed altogether from the 
questionnaire survey as it was considered irrelevant. The questions which were deemed to be 
too technical were removed altogether. Some answers were reduced in order to avoid any 
ambiguity. Likewise answer spaces were increased for all open-ended questions to allow for 
more written comments. Similarly, the length of the questionnaire was amended to reduce the 





4.7.3.3 Administering the Questionnaire  
A request was published in the Saudi Council of Engineers Monthly Newsletter for Saudi 
Arabian construction professionals to complete the on-line questionnaire using the web based 
platform SurveyMonkey.Com. In addition to this, copies of the questionnaire were also 
distributed personally by hand out at live construction projects when site visits were 
conducted in the Riyadh Province, as well as the Eastern Province and Western Province of 
the Kingdom of Saudi Arabia. Figure 4.2 below illustrates the regions where live projects 
were visited. The data was collected between 27 April 2016 and 27 July 2016. 
 
 
Figure 4.2: The Provinces of the Kingdom of Saudi Arabia 
(Source: sites.google.com/site/saudiarabiajj/country, 2017) 
 
4.7.3.4 Sampling Size 
As discussed in Section 4.7.3.2, the questionnaires were distributed to Saudi construction 
professionals. This was achieved by sending both electronic and hardcopy questionnaires to 





Engineers; the works department in the 22 Saudi government ministries; and also through the 
22 Saudi Colleges of Architecture and Engineering.  
A total of 342 professionals responded to the questionnaire. Out of these 342 responses, a 
total of 224 (65.49%) questionnaires were fully completed as can be seen in Table 4.2 below. 
From these 224 responses, only 185 respondents are aware of BIM and involved in BIM 
practice. Therefore, 54% of the questionnaires were fully analysed, as these 185 respondents 
had fully completed all the sections including the awareness and benefits of BIM, and all the 
questions were specifically aimed at studying the awareness, benefits and strategies for BIM 
application. The method and procedures adopted for analysing the quantitative data collected 
is discussed in Section 4.8.1. 
Table 4.2: Total Responses for Each Method of Questionnaire Distribution 
Data Collection Method Number of 
respondents 
Number of valid 
responses 
Pilot questionnaire   11  11 
SurveyMonkey link (internet website) 175 136 
Hard copy questionnaire   38   38 
Total 224 185 
 
4.7.4 Qualitative Data Collection through Interviews  
According to Merriam (2009), qualitative research methods are the ideal methods to extract 
information based on knowledge and experience. Qualitative research derives meaning 
expressed through words, collected non-standardized data requiring classification and 
conducts analysis through conceptualization (Saunders et al., 2012).  Hence to achieve the 
research objective, interviews were conducted to study the benefits of BIM, the barriers to it, 
and the strategies to be adopted for its implementation in order to support the construction 
industry of Saudi Arabia. The participants used for this research had different subjective 
views, and qualitative data collection through the use of interviews allowed them to express 
their opinions in their own way and explain their own experience in relation to the use and 
influence of BIM in the Saudi Arabian construction industry. In turn, this allowed for the 





4.7.4.1 The Interview Design 
By referring to the standard best practice guidelines as recommended by Bryman (2012), the 
starting point for the design of the interview questions was based on findings from the critical 
review of the literature with respect to the research aim and objectives. Thus, the semi-
structured interview questions were carefully designed to elicit the interviewees’ ideas and 
opinions on the topic of interest. 
Primarily the interview questions are set out in the following themes: 
 The first two questions related to the interviewees’ organizations, speciality, area of 
operations, and their individual working experience.  
 The subsequent two questions were based on communication between team members 
whilst working on construction projects.  
 The next set of three questions were based on the interviewees’ understanding of 
BIM, their awareness of its benefits, and their fears about adopting BIM within their 
organization and in the Saudi Arabian construction industry as a whole. 
  Then some wide-ranging questions were set out to gauge the interviewees’ opinions 
regarding the barriers to BIM adoption within Saudi construction organizations, the 
challenges facing its adoption and how these could be addressed. 
 Next, a comprehensive set of questions were designed to assess the interviewees’ 
attitudes regarding the strategies for BIM adoption in Saudi Arabia, and how these 
could be implemented, as well as opinions as to who were the main actors, so as to 
ensure the successful and strategic adoption of BIM in the Saudi Arabian construction 
industry. 
  The interview questions then moved on to ascertaining the government’s role in BIM 
adoption in Saudi Arabia and further asked if it was necessary to create new roles and 
responsibilities or departments for BIM implementation in Saudi Arabia. 
 Furthermore, the importance of BIM education and training as a strategy for BIM 
adoption was explored using the interviews.  
 Finally the interviewees were asked for their opinion concerning what would be the 
way forward for BIM adoption in Saudi Arabia. 
The interviews were conducted in the Arabic language because it was preferred by the 
participants, so that they could express themselves easily and clearly and share their views on 





a deeper level using a series of general open-ended questions. These were then followed up 
by several sub-questions to source additional information, depending on the interviewees’ 
response to each question. The method and procedures adopted for analysing the qualitative 
data collected is discussed in Section 4.8.2. 
4.7.4.2 The Sampling Process 
The participants who were selected for the semi-structured interviews had experience of 
working on both BIM-enabled and traditional construction projects. Sbaraini et al. (2011) 
assert that purposive sampling (a non-probability sampling technique, also known as initial 
sampling) is one of the vital characteristics of a qualitative study. In addition to this they also 
mention that the purposive sampling should be adopted in selecting those particular samples 
who are the best few persons to explain the basic concerns of the study. Groenewald (2004) 
adds that in a phenomenological approach to a qualitative study, the data should contain the 
perspective of the people who are directly involved with the particular agenda. Accordingly, 
the sampling of the interview participants for this research has taken this into consideration.  
 
As the number of construction organizations that have implemented BIM throughout the 
Kingdom Saudi Arabia is unknown, the researcher attended a BIM workshop held in Riyadh 
Saudi Arabia on 27 December 2016, and spoke to some of the other attendees as well as the 
speakers at this workshop in order to gauge their knowledge and opinions of BIM. The 
researcher asked them if their respective organizations had implemented BIM or if they had 
enough knowledge of BIM to take part in the interviews for this research. The researcher also 
went on to ask the attendees about the types of projects they had worked on that implemented 
BIM and on what types of construction projects. Subsequently, the researcher attempted to 
invite these construction professionals to take part in an interview. However, while a large 
number of them responded, some did not respond at all.  
Moreover, the interview participants were selected from the professionals who are directly 
involved with the application of BIM in construction projects. To acquire a deep 
understanding of the research topic, Saudi construction professionals who had a wide-range 
of work experience and were working on construction projects of different sizes and locations 
were invited for interview. All the participants were anonymised in this research due to 
ethical considerations. As suggested by Groenewald (2004), participants were selected who 
were directly involved in a project to a reasonable capacity. For the purpose of achieving a 





design, management, and implementation process of BIM in the projects they had worked on. 
Interviewees were from different disciplines such as architects, designers, MEP consultants 
or project managers, civil engineers, BIM managers, BIM coordinators, planners, and 
university lecturers. The lecturers were selected as samples in the survey because they were 
also involved in BIM application through their private professional practice, in which they 
engaged on a part-time basis. In total, eleven interviews were conducted between December 
2016 and February 2017. These were considered to fulfil the adequacy of the sample for 
theoretical saturation. 
 
4.7.5 Concurrent Data Collection 
To ensure the data collection process made the best use of the availability of research 
participants, this research conducted data collection concurrently. Thus, conducting 
interviews and questionnaires survey concurrently helped in ensuring the responses were 
independent, thereby leading to more reliable results. Creswell and Clark (2007) report that 
the use of concurrent mixed methods of data collection helps to achieve a number of things: 
to validate one form of data by means of the other form; to transform the data for 
comparison; and to address different types of questions. Driscol et al., (2007) add that the 
advantages of concurrent data collection methods include: allowing participants to answer 
intuitively; and helping the research team to link the answers by relating the structured and 
unstructured responses. Throughout the process, the concurrent nature of the process helped 
to ensure that the qualitative responses were used to augment and explain complex or 
contradictory survey responses.  
 
4.8 DATA ANALYSIS 
The categorization, examination, tabulation, testing or combination of both quantitative and 
qualitative results for addressing the original proposals of the investigation are referred as the 
procedure of data analysis (Yin, 2013). The analysis of the collected data was carried out in a 
reliable manner which was coherent with the collection procedures and kind of data collected. 
This section offers a brief description of procedures used in the analysis of the data collected 
for the research. 
4.8.1 Quantitative Data Analysis  
Saunders et al., (2012), indicate that the main purpose of quantitative data is to derive 





must be analysed through diagrams and statistics. Saunders et al., (2012), also suggest that 
numerical data from surveys can be analysed using ‘Descriptive’ or ‘Inferential’ statistics. 
The descriptive statistics produces an expressive analysis of the questionnaire survey data 
collected; this could be conducted by different approaches such as mean, average and mode. 
Descriptive statistics are used to describe the central tendency of the data as well as describe 
the dispersion of the data from the central tendency (Denscombe, 2007). While the inferential 
statistics are conducted through probability and correlational statistics. Inferential statistics 
allow the data to be tested for strength and significance of relationships between variables 
(Saunders et al., 2012).  
 
Furthermore, the data from the electronic questionnaire and the paper copies of the 
questionnaire had to be combined together to analyse the data collected, in order to generate 
the findings accurately. Thus, the data from each paper copy was individually placed into the 
electronic questionnaire survey by the researcher using the internet link. A number of 
incomplete questionnaire survey responses were received in which only the demographic 
questions were answered, thus these had to be rejected as unusable for the study, due to the 
lack of information available from them. 
 
As a result, after the data had been collected, it was analysed by the use of descriptive and 
inferential statistics. The questionnaire data was then interpreted by the use of SPSS 
(Statistical Package for the Social Sciences) to confirm that the results are appropriate for the 
data analytic methods selected for the research. The methods used in the analysis of data 
included descriptive statistics, inferential statistics, cross-tabulation and the Kendall 
correlation test.  
Spearman's Rank correlation coefficient and Pearson correlation coefficient were not used 
because Spearman's Rank correlation coefficient describes monotonic relationships while the 
Pearson correlation coefficient describes linear relationships. Whereas Kendall rank 
correlation is statistically more comprehensive for testing non-linear relationships than both 
the Spearman's Rank correlation coefficient and the Pearson correlation coefficient as it is 
designed to capture the association between two ordinal variables. 
Kendall rank correlation coefficient is a non-parametric test to determine the degree of 
correlation (the strength and direction of association) that exits between two quantitative 
variables of ranked data. Kendall correlation is a statistic test which uses ordinal data to give 





data than Spearman’s correlation coefficient (Argyrous, 2011). The Kendall correlation 
coefficient returns a value of -1 to 1, where:  
 0 is no relationship 
 0 to ± 0.2 is a very weak relationship 
 ± 0.2 to ±0.4 is a weak relationship 
 ± 0.4 to ± 0.6 is a moderate relationship 
 ± 0.6 to ± 0.8 is a strong relationship 
 ± 0.8 to ±1.0 is a very strong relationship 
 ±1 is a perfect relationship 
In order to foresee or predict the behaviour of variables, correlation is necessary. A 
correlation coefficient usually shows the value of a relationship between variables. 
Correlation normally takes a value in between -1 and +1 where the positive correlation 
interprets that both variables will be increasing or decreasing and the negative correlation 
interprets that if one variable increases then the other variable will decrease and vice versa 
(Argyrous, 2011). In the case of hypothesis testing, correlation analysis has been used to 
check the associations in the hypotheses. When there is no association between the variables 
in the study then the null hypothesis will be taken into consideration and when there is 
association between the variables in the study then the chosen hypotheses will be taken into 
consideration. Moreover, the test of significance for Kendall’s correlation coefficient is used 
to validate the hypothesis defining the monotonic correlation between the sample populations 
of the study (Argyrous, 2011). 
 
The significance is based on the Kendall’s correlation coefficient determined for the sample. 
Correlation coefficients significant at the 0.05 level are indicated as a single asterisk whereas 
correlation coefficients significant at the 0.01 level are also indicated as a double asterisk 
(Hinton et al., 2014). The correlation is considered significant if the significance level (p-
value) is very small (less than 0.05) and the variables are linearly correlated with each other. 
On the other hand, if the significance level (p-value) is very large (such as 0.50) then 
correlation is considered not significant and there will be no linear correlation between the 
variables (Wilcox, 2001). 
Kendall's tau-b (τb) correlation coefficient (Kendall's tau-b, for short) is a nonparametric 





measured on at least an ordinal scale (Hinton et al., 2014). It is considered a nonparametric 
alternative to the Pearson’s product-moment correlation when the data has failed one or more 
of the assumptions of this test. It is also considered an alternative to the 
nonparametric Spearman rank-order correlation coefficient. If one of the variables is 
considered as an independent variable and the other as a dependent variable, then a Somers’ 
D test will be considered instead (Hinton et al., 2014). 
The Kendall rank correlation coefficient evaluates the degree of similarity between two sets 
of ranks given to the same set of objects. This coefficient depends upon the number of 
inversions of pairs of objects which would be needed to transform one rank order into the 
other. In order to do so, each rank order is represented by the set of all pairs of objects (e.g., 
[a, b] and [b, a] are the two pairs representing the objects a and b), and a value of ±1 or 0 is 
assigned to this pair when its order corresponds or does not correspond to the way these two 
objects were ordered (Wilcox, 2001). This coding schema provides a set of binary values 
which are then used to compute a Kendall correlation coefficient. The Kendall correlation 
between the two variables will be high when the observations between two variables have 
similar rank and low when the observations between two variables have different rank 
(Argyrous, 2011). This is expected to help shed more light on BIM awareness, adoption and 
implementation as well as barriers in the KSA construction industry, which can ultimately 
lead to efforts to help establish a base for industry-wide adoption. 
4.8.2 Qualitative Data Analysis  
The researcher used explanation building (Yin, 2013) as a method of qualitative data 
analysis. It enabled the qualitative raw data to be thoroughly scrutinised and several 
explanations were used to discover the associations between the objects of research. This 
resulted in analytical conclusions that answered the original "how" and "why" research 
questions.  
 
The qualitative data gathered through the interviews were analysed with the help of the 
thematic content analysis method which helped establish the meaning of the data through 
encoding and decoding of the data, searching and retrieving of the data and the formation of 
themes which indicated the intercalations within the data gathered (Boyatzis, 1998). This 
method is considered to be a suitable and malleable way of collecting and communicating 





further argue that this approach provides the researcher with rich and detailed meaning out of 
the responses of the interview. 
 
The response from the interviews were recorded and later transcribed in a word-perfect 
manner to prepare data for the analysis. On average each interview lasted 45 minutes and the 
transcriptions were read several times to have a good understanding of the general ideas and 
also identify the decisive ideas across the interviews which were related to the aims and 
objectives of the study (Creswell, 2006: Flick, 2009). The interviews were designed based on 
best practice guidelines as suggested by Bryman (2008). The semi-structured interviews 
could be broken into five sections. Section A requested information on the respondents and 
their company profile, section B requested information based on level of awareness and 
understanding on BIM, section C focused on fears and barriers to the implementation of BIM 
in the industry, section D focused on strategies to be adopted in the implementation of BIM 
and section E requested information on tools to be used to ensure the implementation of BIM. 
According to Boyatzis (1998), different codes are to be allocated to words, phrases and 
segments within the transcript of the analysis of the qualitative data which are relevant to the 
research question, aim and objectives of the research study. Furthermore, as set out by Braun 
and Clarke (2006), the coded words and segments were studied, reorganized and collated 
under relevant themes. The codes were then categorised into potential themes. For example, 
data extracts such as "expensive", "costly", “increase the project cost”, “involve lots of 
money” and "huge financial implication" were coded as "cost of implementation" and 
categorised under the theme "barriers to adoption of BIM in Saudi Arabian construction 
industry" 
The different themes identified from the interview were: the awareness level of BIM, fears of 
adopting BIM in the construction industry, barriers to adoption of BIM, strategies for BIM 
adoption, tools for BIM adoption and the outcome BIM will have on the organization when 
put into practice.  
 
The research adopted a guide proposed by Braun and Clarke (2006) and Creswell (2009) to 
analyse the 11 interviews as discussed below: 
  
1. Familiarity with the data  
In order to fully analyse the collected data, it becomes necessary to have a good 





corpus over and over, while identifying the emerging issues that relate to the research 
questions and objectives. Relevant issues and possible relationships between these issues 
were also identified and noted for coding purposes.   
 
2. Transcribing the data  
According to Bird (2005), the transcription of interviews is very helpful in analysing them. 
Similarly, Braun and Clarke (2006) suggested that transcription is very vital in achieving an 
effective thematic analysis. Therefore, the interviews were initially transcribed word to word 
and then those conducted in Arabic were translated into English. The transcription and 
translation processes helped the researcher to become more familiar with the data. Though 
non-verbal expressions could not be captured in the transcripts, the transcription process also 
gave the researcher a deeper understanding of the content.  
 
3. Identification of meaningful issues and patterns  
The next stage of the analysis was to identify the meaningful issues and patterns arising 
across the interviews. At this stage, the transcripts were read over and over to identify the 
relevant issues and patterns arising across the interviews as well as finding possible links 
between the issues identified. This also involved marking some segments, phrases and words 
that relate to the research question or problem. These were then collected together using 
codes.  
 
4. Generating the initial codes  
At this stage of the data analysis, codes were used to organize the above segments into 
meaningful categories (Miles and Huberman 1994; Tuckett 2005). This was done by using 
labels for the extracted words and phrases above which relate to the research question. 
Therefore, codes were used to bring meaning out of the data corpus and establish links and 
patterns across the whole interview transcripts. 
 
5. Collating the extracts  
The next step after assigning codes to the various extracts was to group the codes under 
various themes. However, this was done in a way that reflects the interview as a whole based 
on clear understanding and interpretations of the researcher, keeping aside personal views of 
the researcher. The coded data extracts were then used to define the themes and issues 









6. Reorganization and renaming of themes  
The categorised extracts with similar codes were further re-organized and re-examined with 
respect to the whole transcript to ensure that it was in line with the context where it was 
originally mentioned in the interview (Anderson 2007). In some cases, the categories were 
merged or broken down where it is found more appropriate. Hence, some themes were 
renamed to a more suitable title. 
 
7. Interpretation and Discussion  
The final themes and categorised extracts were then used to compile and discuss findings 
from the thematic analysis. The discussion was further enriched with quotations from the 
interview transcripts to give the reader a better understanding of the findings. In addition, 
findings from the interview were further compared and discussed in respect to findings from 
the literature review. 
 
4.9 VALIDITY AND RELIABILITY 
Validity and reliability are terms that can at times be interchanged with one another. They 
help in assessing the research quality. The term reliability is defined by the Oxford Living 
Dictionaries (2017) as “consistently good in quality or performance; able to be trusted” (pp 
711), and it defines validity as “[the] quality of being logically and officially binding or 
acceptable” (pp 981). Peräkylä (2011) states that the validity of any research relates to the 
explanation of observations and that it does not depend on the interference produced by the 
researcher which may be supported by data. In relation to reliability in social science 
research, Drost (2011) suggests that the essence of reliability is to ensure that the findings of 
the research relate to the reality.  
4.9.1 Reliability 
This correlates with the matter of measures. According to Bryman and Bell (2015), there are 
factors that apply to measuring reliability which can be:  
 
 Stability reliability: the ability to measure a concept as valid as with the passage of 
time. It is always measured over a period of definitive time and whether it holds true 
after all the time or not can be seen.  
 Internal reliability: key indicators that make up the scale of measure should be 
consistent during a study. If the relevant indicators of a concept measure are not 






The measures taken to ensure that the findings of this research are reliable are discussed in 
section 5.5 and the validation chapter (see Section 8.2).  
 
4.9.2 Validity  
The validation of the research is the process of the measurement of the concepts in focus, and 
it is known as validity. It is explained as authority, legitimacy and rationality for the 
acceptance of the notion.  Bryman and Bell (2015) classify validity into five diverse groups:  
 
 Face validity: This is the process of relating the subject face to the context. It is 
conducted to make sure the measurement reflect the content of the concept in 
question.  
 Concurrent validity: When a researcher is dealing with criterions that are related to 
subjective perspectives, there is a need to take the research analysis further.   
 Predictive validity: Modern methods are not significant in comparison to the future 
criteria. 
 Construct validity: The researcher postulates hypotheses from the theories pertinent to 
the notion. For instance, a situation of cause and effect.  
 Convergent validity: The researcher may wish to measure certain notions by the 
comparisons of results using various methods related to research.  
 
The measures taken to validate the findings of this research are discussed in the validation 
chapter (see Section 8.2). 
 
4.10 DIAGRAM OF RESEARCH DESIGN 
The diagram of research design for this research is driven and addresses the description and 
explanation of key conditions that influence the degree of the successful outcome of the BIM 
adoption process in Saudi Arabia. The diagram shown in Figure 4.3 indicates how the design 











4.11 SUMMARY OF CHAPTER FOUR 
This chapter has discussed the relevant literature in relation to the research methodology. The 
philosophies of research, as well as strategies and the methods of data collection were 
deliberated in detail with the intention of comprehending the applicable strategies and 
philosophies for undertaking the study on BIM in addition to why such a useful tool is not 
widely used in the Kingdom of Saudi Arabia, and if it is not fully utilized then what the 
barriers are to this.  Through the discussion, the researcher has debated that this specific study 
on BIM in Saudi Arabia takes the philosophical stance of pragmatism and adopted the mixed 
method approach to address the research problem. This has led to the selection of a 
questionnaire and interview (mixed methods) as being the particularly appropriate research 
strategies with a brief examination of the strengths as well as weaknesses of these methods. 



















QUANTITATIVE DATA ANALYSIS 
 
 
5.1 INTRODUCTION TO CHAPTER FIVE 
As stated in the methodology chapter (Chapter 4), this research collected both quantitative 
and qualitative data concurrently with the aim of capturing and understanding the current 
state of BIM implementation in Saudi Arabia. This chapter presents the analysis and 
discussion of results from the quantitative data captured. The essence of this chapter is to 
provide a picture of the current usage of BIM, the reasons for adopting BIM and the 
anticipated barriers to the adoption of BIM in Saudi Arabia and to compare this with the 
extant literature.  
The chapter is divided into three main sections. The first part presents information on the 
demographic profile of the respondents to the research. Part two presents the descriptive 
statistics on the data collected in relation to BIM adoption and use. The final part analyses 
and discusses the relationships between the variables of this research through correlational 
analysis. The quantitative data gathered from this research was analysed using descriptive 
and inferential analytical tools. Kendall’s correlation was used to test the relationship 
between the different variables studied in this research. 
5.2 DEMOGRAPHIC PROFILES OF THE ORGANIZATIONS 
This section provides demographic information on the participants for this research including 
the response rate, background of participants, their age group and their job descriptions. The 
information provided in this section provides a basis for analysing the views of participants 
on BIM adoption, implementation, barriers and strategies.  
5.2.1 Background of the Participants  
To ensure the data collected is representative of the industry, it was necessary to collect data 
from all the stakeholders in the construction industry. Table 5.1 below shows the 
categorization of the organizations and individuals in the organizations that took part in the 





Table 5.1: Demographic Profile of Organizations 
Organization Frequency Percentage 
Contractor 61 27.2 
Consultant 84 37.5 
Client 32 14.3 
Client’s representative 38 17.0 
University  9  4.0 
Total 224 100.0 
 
As can be seen from Table 5.1, responses from the consultant organization are the highest in 
terms of frequency (84).  This represents 37.5% of the entire research respondents. The 
University category has the lowest proportion of respondents, only 4% of the total. This 
distribution presents an interesting group to obtain information from regarding BIM 
awareness and adoption. Traditionally, consultants are expected to introduce an idea, in this 
case BIM, to the clients who can then make it a requirement for their projects (Rogers et al., 
2015; Eastman et al., 2011). 
Of respondents who undertake projects exclusively for organizations in either public or 
private sector works, the data shows that respondents whose organizations undertake projects 
in public sector works are more than those who undertake private sector works projects. 
Specifically, 30.8% of the respondents undertake projects for public sector works, while 
19.2% do so for private sector works. The remaining 50.0% of the sample size undertake 
projects for both public and private sector works. Again, this suggests that the views captured 
for this research are representative of the industry, as people from both sides (public and 
private sector) undertook the research. The relevance of both public and private sector 
construction professionals in relation to BIM adoption is discussed by Bin Zakaria et al. 
(2013), who suggest that the private sector plays a key role in advising the public sector and 
even government in developing a national BIM agenda.  
5.2.2 Age Group and Experiences of the Respondents  
The age and experience of participants were deemed important in this research. As BIM is an 
emerging process and technology, there is a general perception that young professionals who 
naturally have an attraction for technology would easily be encouraged to adopt BIM.  The 
group of 26–35 year old respondents contains the highest number of research participants, 





29% of the entire sample size. These two age groups together (out of the 5 different age 
groups) represent over 70% of the entire sample size. This shows that the majority of the 
respondents to this survey are within the range of middle aged professionals.  
Experience in the industry is very important, as this, combined with the age of respondents, 
has the ability to influence the practices known to respondents as well as how much they are 
likely to know about the industry. In terms of experience, almost 60% of the entire sample 
size have several years (between 6 and 25 years) of experience working in the construction 
sector of Saudi Arabia. This shows that the research participants have significant years of 
experience and suggests they would have considerable knowledge of the construction sector 
of Saudi Arabia. 
5.2.3 Job Description of the Participants 
This section provides information on the roles played by the participants to this survey. This 
helps to shed more light on how the awareness and use of BIM may differ based on the 
different roles played by the respondents in their respective organizations. Table 5.2 below, 
shows the position or job description of the research respondents. 
Table 5.2: Job Descriptions of The Participants 
Current position, or job description Frequency Percent 
Director of the organization 40 17.8 
Project Manager 57 25.4 
Construction Manager 10  4.5 
Architect 31 13.8 
Planning Team Member 18   8.0 
Civil Engineer 31 13.8 
Quantity Surveyor   1   0.4 
Safety Manager   1  0.4 
Lecturer /Academic   9     4 
Engineer in construction projects 26 11.6 
Total 224 100.0 
 
Table 5.2 above, which shows the position or job description of the research respondents, 
indicates that Project Managers participated in the study, representing about 25% of the 





representing about 18% and making this role the one with the second highest number of 
respondents in the study. The senior positions and the role descriptions of the research 
respondents in their respective organizations and their number of years of work experience in 
the construction sector of Saudi Arabia indicate that they are key players in this industry of 
Saudi Arabia. Therefore, the respondents’ opinions are important and reliable for providing 
answers to the research questions on BIM in the construction sector of Saudi Arabia. The 
relevance of job descriptions in relation to BIM can be identified in terms of the extent of 
BIM knowledge required and the extent to which BIM is used on projects. As reported in 
Arayici et al., (2011), there is increasing pressure on different professionals in the industry 
from clients to adopt and implement BIM on projects. This research therefore seeks to 
identify whether similar results can be found from the construction industry of Saudi Arabia. 
5.3 USE OF BIM IN SAUDI ARABIA 
This section presents the analysis of the data regarding the use of BIM in the Saudi Arabian 
construction industry. The section presents information on the familiarity of the respondents 
with BIM, the use of BIM and the reasons for its use. The results are then compared to the 
literature to determine how the familiarity of the respondents and their use of BIM relates to 
familiarity and use of BIM elsewhere. 
5.3.1 Familiarity with BIM 
In identifying the level of BIM knowledge among the respondents, it was important to 
investigate their familiarity with BIM. Whereby familiarity equates to the knowledge, 
acquaintance and awareness of BIM.  Out of the 224 respondents, 17% stated they were not 
aware of BIM. Over 80% of the entire group of respondents indicated different levels of BIM 
awareness and extent of BIM usage in terms of how competent they were in using BIM. The 
results suggest that the level of awareness and familiarity within the Saudi Arabian 
construction industry is quite low.  
This is shown in Table 5.3 where, as indicated, there are four levels or categories of BIM 
awareness among the different organizations surveyed. The purpose of the cross-tabulation is 







Table 5.3: Cross-Tabulation Between Familiarity with BIM  
and Description of Organization 
 
 
Type of respondent and/or their organization 
Total 















12 12 8 6 1 39 
19.7% 14.3% 25.0% 15.8% 11.1% 17.4% 
Somewhat 
familiar 
12 17 8 13 2 52 
19.7% 20.2% 25.0% 34.2% 22.2% 23.2% 
Fairly 
familiar 
28 29 10 13 1 81 
45.9% 34.5% 31.3% 34.2% 11.1% 36.2% 
Well 
versed in it 
5 18 5 5 0 33 
8.2% 21.4% 15.6% 13.2% 0.0% 14.7% 
An expert 
user 
4 8 1 1 5 19 
6.6% 9.5% 3.1% 2.6% 55.6% 8.5% 
Total 
61 84 32 38 9 224 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 
Table 5.3 above shows that most of the respondents (36.2%) are fairly familiar with the use 
of BIM. Of this number, the majority work with consultant organizations (29), and so 
represent 34.5% of the entire number of consultants in this research. The contractor 
organizations (28) represent 45.9% of the entire number of contractors in this research. In 
relation to their specific role, respondents that are fairly familiar with BIM usage are mostly 
Project Managers (30.9%), Civil Engineers (17.3%), and Directors (16%). The option “An 
expert user” has the least respondents (8.5%). Out of this number, 8 work in a consultant 
organization, 5 are in academia, 4 in a contractor organization and 1 each works for a client 
and client’s representative organization respectively. In terms of their special role, 7 of the 
“expert users” of BIM are Architects, 4 are Project Managers, 3 are Engineers, 2 each are 
Directors and Lecturers, and 1 is a Civil Engineer. The small number of expert users of BIM 
is perhaps an indication of its novelty in KSA. This result is similar to research by Bin 





challenges to the adoption of BIM in the Malaysian construction industry. Barison and Santos 
(2011) report that for proper BIM implementation, current job roles require specific BIM 
competencies.  
This result also indicates that awareness of BIM is not very high in the Saudi Arabian 
construction industry. Of all the people sampled, about 40% either have very little familiarity 
with BIM or are not aware at all of its existence. This indicates that measures to help 
introduce BIM and help in its adoption will be very important. The measures will be further 
discussed as part of the proposed framework to be generated as part of this research. 
Familiarity with BIM, however, does not suggest that participants have used BIM for their 
projects in the Saudi Arabian construction industry. Little awareness here suggests that 
training personnel on the advantages of BIM and the processes involved in its adoption and 
implementation will be essential if the Saudi Arabian construction industry is to implement 
BIM.  
5.3.2 Familiarity with the Use of BIM Training  
As a further step, this research collected data on the experience of the participants with BIM. 
This section provides information on the outcome of this result. Table 5.4 presents the 
findings for BIM training within the organizations surveyed. It shows variations in the 
number of BIM in-house training sessions attended by respondents in each of the 
organizations. The findings show that 4 of the respondents in a university organization 
(Academia) stated they did not attend any form of BIM training within their organization. 






Table 5.4: Cross-Tabulation Between Training and Description of Organization 
 
Type of respondent and/or their organization 
Total 




How many BIM 
training/coaching 
sessions have you 





and seminars in your 
response) 
None 
Count 26 29 8 19 4 86 
 
53.1% 40.3% 34.8% 59.4% 44.4% 46.5% 
1 
Count 10 18 7 4 1 40 
 
20.4% 25.0% 30.4% 12.5% 11.1% 21.6% 
2 
Count 9 9 5 4 2 29 
 
18.4% 12.5% 21.7% 12.5% 22.2% 15.7% 
3 
Count 0 3 2 2 0 7 
 
0.0% 4.2% 8.7% 6.3% 0.0% 3.8% 
4 
Count 2 0 1 1 0 4 
 
4.1% 0.0% 4.3% 3.1% 0.0% 2.2% 
More 
than 4 
Count 2 13 0 2 2 19 
 
4.1% 18.1% 0.0% 6.3% 22.2% 10.3% 
Total 
Count 49 72 23 32 9 185 
 





The number of respondents who had never attended any training was 86, representing about 
46.5% of out of the 185 who responded to the question. This figure is the highest compared 
to the other five options. The next largest number and percentage is for the option of 
respondents who attended one training sessions within their organization. 40 respondents, 
representing 21.6% attended training sessions within their organization, while 15.7% 
attended two within their organizations.  In addition, only 10.3% of respondents attended 
more than 4 training sessions within their organizations, while 3.8% and 2.2% of respondents 
attended 3 and 4 in-house training sessions respectively.  
This result indicates that the number of BIM training sessions within the different 
organizations is not very high.  This result also indicates that even though a large number of 
respondents have some awareness of BIM (as shown in Table 5.3), this awareness or the level 
of knowledge is likely to be shallow. Awareness of BIM can be said to be very low as such 
training and even in house-coaching is very low. The essence of training organizational 
employees in BIM is to ensure that a knowledge of BIM is increased, which can ultimately 
lead to an increase in its adoption across the organizations.  
Succar et al., (2013) suggest that individual BIM competencies are the building blocks of 
organizational BIM capability. From the results, it can then be concluded that organizational 
capability in relation to BIM within the Saudi Arabian construction industry is very low, 
considering the low awareness of the individual workers and the small amount of training 
from their organizations. Lee and Hollar (2013) report that adequate BIM training is essential 
to advancing the construction industry into the BIM era. 
5.3.3 Frequency of Use 
Table 5.5 shows different levels in the use of BIM.  For instance, 26.4% of respondents had 
never used BIM in their organizations. Contractors constituted the highest number (13) while 
clients’ representatives had the highest percentage (40%) out of the entire number of clients’ 
representatives who answered that they had never used BIM. The number of respondents who 
had used BIM frequently was 52 out of 144 respondents who were aware of BIM processes, 
software or tools. This represents about 36.1%, and respondents in the consultant 
organization used BIM more frequently than other organizations. They constituted 25 out of 
the 52 respondents in this category. Overall, the results showed a good usage of BIM in the 
various organizations. 106 out of the 144 respondents had used BIM to one degree or another. 





on the frequency of BIM usage. Bin Zakaria et al. (2013) report that the low adoption and 
usage of BIM is due to the low level of awareness of it. The low usage or experience with 
BIM in the Saudi Arabian construction industry can therefore be associated with the low 
awareness. As shown in section 5.3.1, there is low familiarity with BIM within the industry 
and this can be related to the low level of usage.  
To check for the level of awareness or usage across different organizations, a cross-tabulation 



















Table 5.5: Cross-Tabulation Between Use of BIM and Description of Organization 
  








Please indicate the 
frequency with 
which your company 




Count 13 11 5 8 1 38 
 
31.7% 18.0% 33.3% 40.0% 14.3% 26.4% 
Occasion-ally 
used 
Count 10 8 1 4 2 25 
 
24.4% 13.1% 6.7% 20.0% 28.6% 17.4% 
Frequently 
used 
Count 12 25 6 7 2 52 
 
29.3% 41.0% 40.0% 35.0% 28.6% 36.1% 
Always used 
Count 6 17 3 1 2 29 
 
14.6% 27.9% 20.0% 5.0% 28.6% 20.1% 
Total 
Count 41 61 15 20 7 144 





Furthermore, the result show differences in the frequency of BIM usage for respondents 
whose organizations undertake projects for either public or private sector works. The results 
show in terms of percentage that respondents who have never used BIM have undertaken 
slightly more projects for private sector works (36.8%) out of the entire number of private 
sector respondents who answered this question compared to those whose organizations have 
undertaken public sector works (35.1%). Overall, the percentage of respondents who have 
used BIM at one level of frequency or another is slightly higher for projects in public sector 
works (64.8%) out of the entire number of public sector respondents who answered this 
question than for projects for the private sector works (61.3%).  However, the results indicate 
that the frequency of BIM usage in the “Always used” option is higher for respondents whose 
organizations undertake private sector works projects (10.5%) out of the entire private sector 
who answered this question, than projects for public sector works (8.1%).  
The differences in the usage levels between the public and private sector suggests that there is 
room for BIM education in terms of awareness and benefits. The public sector has a major 
role to play in this regard. For countries like the UK, where BIM adoption and awareness is 
on the increase, there have been efforts by the public sector and government in particular on 
the enactment of legislation to promote the adoption and implementation of BIM. 
Comparing the use of BIM to the level of training or coaching received for it, the research 
results suggest that some of the respondents may have used BIM without any training or 
coaching. This is likely to have affected the performance or their BIM capabilities. The lack 
of skills and minimal awareness of BIM, although it is believed to be a game changer in the 
industry, can be linked to the assertion by Al-Jibouri (2009) that even though there have been 
some improvements in the construction industry of Saudi Arabia, ineffective planning and 
failures during construction remain significant challenges.  
5.3.4 Reasons for the Use of BIM in Saudi Arabia 
Considering the level of BIM usage, awareness and training received by the respondents, this 
research sought to gather views from the respondents on the reasons behind their BIM usage 
or adoption. Information from this section is expected to shed light on the drivers for BIM 
adoption and usage in Saudi Arabia. Table 5.6 below presents the findings on the reasons for 






Table 5.6: Findings on the Reasons for the Use of BIM in Organizations 
 
Reasons for using BIM within your organization: (You may select more than one) 
Answer Options Response Count 
It creates views and schedules automatically 71 
It reflects changes instantly in all drawings and schedules 82 
Less paperwork, and multiple files are avoided 71 
It is compatible with data exchange standards for inter-operability 34 
It is required by our clients 24 
It is required by other project team members 29 
 
From Table 5.6 it can be observed that participants were presented with 6 different reasons 
why they had implemented BIM in their organizations. They were allowed to choose more 
than one reason. The findings indicate that the reasons: “it is required by our clients” and “it 
is required by other project team members” received the lowest scores: 24 and 34 
respectively.  
This result is not surprising, considering the result on the level of awareness of BIM within 
the client group. Assaf and Al-Hejji (2006) suggest that the client has a major role to play 
regarding the characteristic problems in the Saudi Arabian construction industry. The low 
level of awareness within this group can be seen to contribute to this problem, as the potential 
to reduce some of the problems is being missed by the industry. Overall, this finding 
indicates that the use of BIM might not be a key requirement for awarding contracts and 
executing construction projects in the Kingdom of Saudi Arabia.  
However, the findings suggest that few organizations have made the use of BIM mandatory 
for project execution. Such organizations can be said to be going in the right direction and 
making the industry better, and so in the future there need to be systems in place that can 
support and increase the awareness of the industry in this regard. As reported by Sidawi et 
al., (2013), some organizations in the Saudi construction industry are now assessing how to 
avail themselves of the benefits of technology in their construction processes. This suggests 
that as with BIM, the use and adoption of such technology will be linked to the companies’ 





 The majority of the scores for the reasons stated above are from contractor and consultant 
organizations. The reasons with high scores, such as “It reflects changes instantly in all 
drawings and schedules”, show that the main reasons why participants implement BIM are 
not entirely based on industry requirements or government regulations, but are a result of the 
perceived benefits of BIM in improving productivity in the workplace. As gathered from 
these results, the contractors and consultant organizations who use BIM do so because of the 
benefits they can identify. As discussed in Arayici, Egbu and Coates (2012), the benefits of 
BIM can lead to a significant change in the success rate of the industry by helping to solve 
most of the problems it faces. Arayici, Egbu and Coates speak of benefits such as cost 
reduction, efficiency, quality, and increase of productivity, lead times and avoidance of 
duplication, using effective communication with the stakeholders in construction projects 
(2012). These benefits are very likely to help the Saudi construction industry, considering its 
current problems, and making the parties in the industry aware of the potential of BIM to 
deliver such benefits therefore becomes very important and can lead to increased adoption.  
5.3.5 The Processes Improved by Using BIM Instead of 2D/3D CAD  
This section presents the findings on the processes improved by the use of BIM instead of 
2D/3D CAD. Participants were allowed to select more than one option from a list of 7 
options and to state any other reasons not included in the options as can be seen in Table 5.7 
below. The option “production of drawings and schedules” received the highest score (129). 
This shows that the majority of the participants viewed this option as the most improved 
process when using BIM in place of 2D/3D CAD.   
Table 5.7: The Processes Improved by Using BIM Instead of 2D/3D CAD 
The processes improved by using BIM instead of 2D/3D CAD 
Answer Options Response Count 
Production of drawings and schedules 129 
Visualization  94 
Programming  65 
Costing  99 
Energy Analysis  50 







I do not know 14 
Other reasons (please specify) 12 
 
Costing is the second most improved process, and received a score of 99, while visualization 
with a score of 94 was the third most improved process when BIM was implemented. This 
suggests that the respondents have some ideas about the importance or the benefits of 
adopting BIM. It is therefore important that the industry is made aware of the different levels 
of BIM maturity and the benefits that come with each maturity level (See Bew and 
Underwood, 2010).  
The benefits of adopting BIM, as discussed in Chapter 3, go beyond producing drawings and 
costings, to encompass the construction process itself. Results from Al-rashed et al. (2014), 
as well Sidawi and Al-Sudairi (2014), suggest that BIM can improve conventional 
construction project management methods and techniques and so it would be very important 
to bring this knowledge to the attention of the participants so they can see BIM improving 
processes beyond just designing and costing.  
The option “I do not know” had one of the lowest scores (14). The participants in this 
category were not sure about which process were improved when using BIM compared to 
2D/3D CAD.  It could also imply that the participants were not certain whether there were 
any improvements at all when BIM was used: in other words, that there might not have been 
any significant difference between using BIM and 2D/3D CAD.  The majority of the 
participants who chose this option were involved in construction projects for both the public 
and private sectors (8), while 5 were involved in construction projects for the public sector 
and 1 for the private sector. 
From the results provided, it can be identified that the drivers for the adoption of BIM in the 
Saudi Arabian construction industry can be attributed mainly to some clients who have begun 
to demand the use of BIM from the parties to their projects. 
Another driver for BIM adoption, according to this research, is the realization of the benefits 
of BIM. From the results, contractors and consultants are the main parties that acknowledge 
this as a reason for using BIM.  Research by authors such as Kymmell (2008), Eastman et al., 
(2008), Smith and Tardif (2009), Azar (2011), Eastman et al., (2011), and Bynum et al., 





for its benefits, which, according to the respondents, come in the form of improving the 
processes within the construction industry.  
 
5.4 CORRELATIONS BETWEEN AWARENESS, BENEFITS, BARRIERS AND 
STRATEGIES 
To further explore the awareness and use of BIM within the KSA construction industry, this 
research conducted correlational tests between the variables of the study. This section sets out 
in detail the analysis carried out using Kendall’s correlation coefficient within SPSS 
Statistics.  
This is expected to help shed more light on BIM awareness, benefits, adoption and 
implementation as well as on the barriers in the KSA construction industry, and so can 
ultimately lead to efforts to help lay the base for industry-wide adoption. 
 
5.4.1 Correlation between Group of Respondents and Awareness, Benefits, Barriers and 
Strategies 
Further to the questionnaire analysis, under this section the relationship between Age Group 
and the Awareness, Benefits, Barriers and Strategies for BIM Adoption in Saudi Arabia is 
discussed. The relationship is derived from the Kendall correlation coefficient in SPSS for a 
sample size of 185. As presented in Gledson and Gledson (2016), a younger generation of 
professionals is expected to be more technology-aware and likely to have greater awareness 
regarding BIM and its benefits, when compared to an older generation. The relationships 
between the Age Group of construction professionals and the different components under the 
broad theme “Awareness, Benefits, Barriers and Strategies for BIM Adoption in Saudi 
Arabia” are shown in Table 5.8 below. This is to help identify and differentiate between the 
views of younger professionals, who are generally regarded to be ‘digital natives’, and older 
professionals, who are likely to have started their careers when there was little or less use of 
computers.  
 
A Kendall’s correlation was run in order to determine the relationship between the age of the 
participants and their perception about the growing demand of BIM usage in Saudi Arabia, 
amongst 185 respondents. From the correlation it was found that there was a very weak 
positive correlation about the perception of the demand for BIM usage in Saudi Arabia with 
different age groups of participants as being that the demand for BIM in Saudi Arabia is not 





significance, p = 0.0054). This very weak correlation suggests that even though there are 
some differences regarding the perception of the respondents by age, this is not very strong. 
These results were rather unexpected as the younger generation were expected to have 
different views (and better in this case) regarding the need for BIM in the Saudi Arabian 
construction industry. This can be said to contribute to the low level of awareness and 
adoption of BIM in the construction industry. The younger generation of professionals are 
expected to have a better understanding of the more current issues in the industry and of the 
use of BIM as a means to help overcome some of the challenges of the industry. 
 
The correlation between each age group of the respondents and the implication of BIM in 
evaluating the full project life cycle shows a very weak, but positive and linear correlation 
which is found significant as Ƭb = 0.1394, p = 0.03.  Again, a positive relationship was found 
regarding the participants’ perceptions about the visualization of a real time model project 
using BIM with respect to the age group of the respondents (Ƭb = 0.1464, p = 0.0235). Again, 
some of the respondents felt that BIM software would be too expensive to implement (Ƭb = 
0.126, p = 0.043) and that BIM software was difficult to learn (Ƭb = 0.133, p = 0.032). This 
perception was expected, as the older generation are generally seen as not being ‘digital 
natives’ and as such would find the learning and adoption of new technology difficult 
(Morton, 2012). The subject of digital natives has been discussed in different areas of 
research as the difference between the younger generation and the older generation, whether 
in construction or any other sector. It was therefore not surprising to discover that the older 
generation of professionals used in this research found BIM technology adoption and 
implementation quite difficult. This result also suggested the need for more education on the 
use of BIM within the industry.  
 
The view gathered that BIM will be too costly to adopt can be said to have an impact on the 
level of adoption. Porwal and Hewage (2013), report that cost is seen as one of the main 
barriers to the adoption of BIM within the industry, and similar results are presented by 
Stanley and Thurnell (2014). High initial costs can therefore be identified as one of the main 
barriers to the adoption of BIM. 
 
Furthermore, regarding the participants’ thoughts about the availability of competent staff in 
Saudi Arabia in operating BIM, it was found that there was a very weak but positive 
correlation which is statistically significant at (Ƭb = 0.151, p = 0.018), with different age 





as can be seen in Table 5.8. Thus, even though this correlation was positive but very weak, 
there was a general consensus among the participants that there are not enough staff within 
the industry who have the skills set regarding BIM usage. Comparing this result to the results 
with the level of awareness and use of BIM, it confirms that the level of BIM awareness 
within the industry is low. 
 
The results presented from this correlation suggest that the age of respondents is a factor 
influencing their views on BIM and its adoption or implementation. Gledson and Gledson 
(2016) and Enegbuma et al., (2015) all suggest that the different ages of professionals 
produce different perceptions towards the adoption and implementation of BIM, and this can 
be attributed to different generations affecting technological capabilities differently. In 
research by Underwood et al., (2015) into UK construction education and BIM, it was also 
identified that a relationship exists between age and BIM-related issues.  
Table 5.8: Relationship Between Age Group and Awareness, Benefits, Barriers and 
Strategies for BIM Adoption in Saudi Arabia 
 
QUESTION 1: Age Group 















q0021: There is a growing awareness of BIM usage in 
Saudi Arabia. 
0.1092 0.0798 
q0022: There is a growing demand for BIM usage in 
Saudi Arabia. 
0.1750** 0.0054 
q0023: The use of BIM shortens the overall project 
timescale. 
0.0573 0.3766 
q0024: The use of BIM reduces the overall project cost 0.1133 0.0767 
q0025: The use of BIM minimizes construction 
conflicts. 
0.0265 0.6821 
q0026: The use of BIM makes information more 
accessible to project team members. 
0.0053 0.935 
q0027: The use of BIM can improve the design of a 
building. 
0.0206 0.7527 
q0028: The use of BIM makes communication more 
straightforward. 
0.0293 0.6534 
q0029: The use of BIM makes project 
sequencing/scheduling easier. 
0.0884 0.1753 
q0030: Full project Life Cycle evaluations can be 
conducted using BIM. 
0.1394* 0.03 
q0031: A real time model of the project can be 











q0034: BIM is not required by clients. 0.118 0.059 
q0035: There is no (legal) practice guide to support the 
use of BIM in Saudi Arabia. 
0.099 0.123 
q0036: BIM is not required by team members such as 
architects and engineers. 
0.090 0.148 
q0037: BIM software is too expensive. 0.126* 0.043 
q0038: BIM is difficult to learn. 0.133* 0.032 
q0039: The non-availability of a parametric library 
hinders the uptake of BIM. 
0.055 0.387 
q0040: It takes a longer time to develop a BIM model. 0.106 0.091 
q0041: There is a lack of competent staff in Saudi 
Arabia to operate the BIM software. 
0.151* 0.018 










q0044: The importance of BIM should be further 
promoted with construction clients in KSA. 
0.105 0.105 
q0045: The use of BIM should be regulated. 0.062 0.335 
q0046: The training of construction staff on using BIM 
is needed. 
0.071 0.277 
q0047: BIM should be introduced in the curricula of 
Saudi Arabian universities. 
0.102 0.117 
q0048: More efforts are needed to make BIM inter-
operable. 
0.040 0.538 
q0049: Adopting BIM will give Saudi construction 
organizations added value. 
0.089 0.174 
q0050: The changes needed by Saudi organizations in 
order to adopt BIM are too problematic. 
-0.084 0.184 
q0051: The Saudi Government specifically and actively 
provides support to encourage the adoption of BIM by 
construction organizations. 
-0.047 0.459 
q0052: The Saudi Government specifically provides 
financial subsidies to promote the adoption of BIM by 
construction organizations. 
-0.010 0.869 
q0053: A law is needed to compel practitioners to use 
BIM. 
0.035 0.578 
** Correlation is significant at the 0.01 level (2-tailed). 
*   Correlation is significant at the 0.05 level (2-tailed). 
 
It is therefore not surprising that the results produced in this table suggest that the age of 
respondents correlates with awareness, benefits and barriers of BIM. For younger 
professionals with higher technological capabilities, there is a general perception that BIM 
can easily be learnt, whereas older generation respondents are of the view that BIM learning 





in technological capabilities is a result of different age generations. It should however be 
pointed out that the respondents’ views on the need for BIM adoption in Saudi Arabia is not 
differentiated by age.  
5.4.2 Correlation between Educational Level and Awareness, Benefits, Barriers and 
Strategies 
To determine the extent to which the educational level of the respondents influenced their 
views on the awareness, benefits, barriers and strategies to BIM implementation in Saudi 
Arabia, a Kendall correlation was conducted. The relationship between the highest formal 
education qualification of the participants and the awareness, benefits, barriers and strategies 
of BIM in Saudi Arabia is shown in Table 5.9 below.  
 
The findings showed a weak and very weak correlation between construction professionals 
with different formal education qualifications (question 2 from the questionnaire survey) and 
BIM awareness in Saudi Arabia and other benefits of BIM. In the case of the barriers to 
adopting BIM in Saudi Arabia, there was a weak and very weak correlation with respect to 
the components from the questionnaire, which implies that the participants believed that BIM 
adds value to their construction organization. In the case of the strategies for BIM adoption 
and implementation in Saudi Arabia, participants of different formal levels of educational 
qualification felt that there was a substantial need to promote BIM with construction clients, 
hence many efforts will be needed to make BIM inter-operable, organizations need to change 
their project modelling with BIM, and the Saudi government should promote and encourage 
BIM adoption.  
 
Table 5.9: Relationship Between Highest Formal Education Qualification and Barriers, 
Strategies, Awareness and Benefits of BIM in Saudi Arabia 
Question 2: Highest Formal Education Qualification 
Questions Regarding Barriers, Strategies, Awareness and 
Benefits 
Correlation Significance 
Q21:  There is a growing awareness of BIM usage in Saudi 
Arabia. 
0.1611* 0.012 
Q25: The use of BIM minimizes construction conflicts.   0.1841** 0.0056 
Q27: The use of BIM can improve the design of a building.  0.1529* 0.023 
Q28: The use of BIM makes communication more 
straightforward. 





Q29: The use of BIM makes project sequencing/scheduling 
easier. 
   0.2161** 0.0013 
Q30: Full project Life Cycle evaluations can be conducted 
using BIM. 
 0.1686* 0.0107 
Q31: A real time model of the project can be visualized with 
the use of BIM 
   0.2504** 0.0002 
Q35: There is no (legal) practice guide to support the use of 
BIM in Saudi Arabia. 
 0.186** 0.005 
Q39: The non-availability of a parametric library hinders the 
uptake of BIM. 
 0.181** 0.005 
Q40: It takes a longer time to develop a BIM model.  0.215** 0.001 
Q41: There is a lack of competent staff in Saudi Arabia to 
operate the BIM software. 
0.153* 0.019 
Q42: BIM does not add much value to our organization. -0.139* 0.03 
Q44: The importance of BIM should be further promoted 
with construction clients in KSA. 
0.168* 0.011 
Q45: The use of BIM should be regulated. 0.154* 0.021 
Q46: The training of construction staff on using BIM is 
needed.  
0.143* 0.033 
Q48: More efforts are needed to make BIM inter-operable.   0.188** 0.005 
Q50: The changes needed by Saudi organizations in order to 
adopt BIM are too problematic. 
0.148* 0.022 
Q51: The Saudi Government specifically and actively 
provides support to encourage the adoption of BIM by 
construction organizations. 
0.131* 0.044 
** Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
 
As shown by the correlation, higher educational levels generally correlate with better 
awareness of BIM and its benefits for the KSA construction industry. This result also 
suggests that the better or more informed respondents (professionals) are about BIM, the 
better their view on its benefits and the need to implement it in the construction industry. 
Research by different authors, for instance Sacks and Pikas (2013), Wu and Issa (2013), and 
Lee and Hollar (2013) have all discussed the importance of education in influencing the 
perceptions of construction professionals on BIM adoption and implementation. Education of 
professionals on BIM helps to improve their understanding and even assists in identifying 
benefits which can help improve the perceptions on the need for adoption. From the 
correlations it can also be identified that higher educational levels also correlate positively 
with the knowledge of professionals on the requirements for having BIM adopted and 





As shown in the table, there is a general view that there is a lack of competent staff for 
implementing BIM in the KSA construction industry and hence the need for improved 
education with an emphasis on BIM. Lee and Hollar (2013) report that BIM should be 
included as part of the curriculum for construction professionals.  
5.4.3 Correlation between Years of Work Experience and Awareness, Benefits, Barriers 
and Strategies 
The relationship between years of work experience pertaining to construction projects and the 
awareness, benefits, barriers and strategies of BIM in Saudi Arabia is discussed here. Table 
5.10 below shows the correlation and significance test value to find out the relationship 
between the years of work experience of construction professionals and the different 
components above as set out in question 3 of the questionnaire.  
 
Construction professionals in Saudi Arabia with varying years of experience of working in 
the construction industry think that there is growing demand for BIM (Ƭb = 0.1346, p = 
0.0267), BIM can be fully used for evaluating a full project life cycle (Ƭb = 0.1363, p = 
0.0279), BIM can be used in visualizing a real time model of a construction project (Ƭb = 
0.1594, p = 0.0106), and BIM software is too expensive (Ƭb = 0.131, p = 0.029) and hard to 
learn (Ƭb = 0.129, p = 0.032). On the other hand, they feel that the importance of BIM should 
be further promoted with construction clients in KSA (Ƭb = 0.146, p = 0.019) and the use of 
BIM should be regulated (Ƭb = 0.135, p = 0.03). As well as BIM should be introduced into 
the curricula of Saudi Arabian universities (Ƭb = 0.127, p = 0.043), and more efforts are 
needed to make BIM inter-operable. (Ƭb = 0.141, p = 0.026). The results here indicate a 
practical understanding of the requirements for BIM. 
 
Table 5.10: Relationship Between Years of Work Experience Pertaining to Construction 
Projects and Barriers, Strategies, Awareness and Benefits of BIM in Saudi Arabia 
 
Question 3: Years of Work Experience Pertaining to Construction Projects 
Questions Regarding Barriers, Strategies, Awareness and 
Benefits 
Correlation Significance 
Q22: There is a growing demand for BIM usage in Saudi 
Arabia. 
0.1346* 0.0267 
Q30: Full project Life Cycle evaluations can be conducted 
using BIM 
0.1363* 0.0279 
Q31: A real time model of the project can be visualized with 
the use of BIM. 
0.1594* 0.0106 





Q35: There is no (legal) practice guide to support the use of 
BIM in Saudi Arabia. 
0.14* 0.024 
Q37: BIM software are too expensive.  0.131* 0.029 
Q38: BIM is difficult to learn. 0.129* 0.032 
Q44: The importance of BIM should be further promoted 
with construction clients in KSA. 0.146* 0.019 
Q45: The use of BIM should be regulated. 0.135* 0.03 
Q47: BIM should be introduced into the curricula of Saudi 
Arabian universities. 
0.127* 0.043 
Q48: More efforts are needed to make BIM inter-operable. 0.141* 0.026 
*. Correlation is significant at the 0.05 level (2-tailed). 
As can be seen from the results, the general perceptions of the respondents suggest that there 
is a relationship between experience in Saudi Arabian construction industry and the variables 
tested. Where people have more experience, they are more likely to understand the need for 
and possible benefits of BIM in project implementation. Although the general level of 
understanding regarding BIM is low, the more experienced respondents showed a better 
understanding of the key requirements needed to ensure that BIM adoption and 
implementation would lead to the required results. 
5.4.4 Correlation between the Description of Organization and Awareness, Benefits, 
Barriers and Strategies 
As shown in Table 5.11 below, the only signification correlation was the one found between 
the type of organization and the questions set out in part 3, 4 and 5 of the questionnaire 
regarding the awareness, benefits, barriers and strategies. Although this correlation is very 
weak, it suggests that BIM is generally regarded by the parties as having an influence on 
communication within the industry. The other variables not presenting significant 
correlations are likely to be as a result of the low level of awareness and experience of BIM 
in the construction industry. 
Table 5.11: Relationship Between Description of Organization and Barriers, Strategies, 
Awareness and Benefits of BIM Adoption in Saudi Arabia 
 
Question 5: Description of Organization 
Questions Regarding Barriers, Strategies, Awareness and 
Benefits 
Correlation Significance 
Q28: The use of BIM makes communication more 
straightforward. 
0.159* 0.014 






Poor communication has been cited by Assaf and Al-Hejji, (2006) as one of the key issues in 
the Saudi construction industry. The realization that BIM can make communication between 
the parties more straightforward can be seen as a very good basis to support the adoption and 
implementation of BIM in the Saudi construction industry. 
5.4.5 Correlation between the Current Job Position and Job Description and 
Awareness, Benefits, Barriers and Strategies 
The Kendall correlation with respect to the relationship between the current job position and 
job description of the participants of the study and the awareness, benefits, barriers and 
strategies of BIM adoption in Saudi Arabia is discussed in Table 5.12 below. The table shows 
that there is a negative very weak correlation between the job positions and the view that 
“there is no (legal) practice guide to support the use of BIM in Saudi Arabia” (Ƭb = -0.173, p 
= 0.004). This shows that a good number of the respondents do not believe that there is no 
legal guide to support the implementation of BIM in Saudi Arabia. 
Table 5.12: Relationship Between Current Job Position or Job Description and 
Barriers, Strategies, Awareness and Benefits of BIM Adoption in Saudi Arabia 
 
Question 6: Your Current Position or Job Description 
Questions Regarding Barriers, Strategies, Awareness and 
Benefits 
Correlation  Significance 
Q35: There is no (legal) practice guide to support the use of 
BIM in Saudi Arabia. 
-0.173* 0.004 
Q36: BIM is not required by team members such as architects 
and engineers. 
-0.136* 0.022 
Q47: BIM should be introduced into the curricula of Saudi 
Arabian universities. 
-.0162* 0.009 
*. Correlation is significant at the 0.05 level (2-tailed).  
 
Similarly, there is a negative very weak correlation (Ƭb = -0.136, p = 0.022) between the job 
positions and the opinion that “BIM is not required by team members such as architects and 
engineers”. Therefore, the respondents do not believe that BIM is not required by 
professionals like architects and engineers. In addition, it can be deduced from the table that 
there is a very weak correlation between current job and the view that “BIM should be 
introduced into the curricula of Saudi Arabian universities” (Ƭb = -0.162). These results were 
rather surprising as the current low levels of BIM awareness and adoption mean there is a 
demand for better training to be provided by incorporating BIM into current curriculum. The 





Al-Mohannadi et al., 2013) show that there is a strong need for BIM to be incorporated into 
the curriculum of colleges and universities which offer courses in Architecture and the Built 
Environment. 
5.4.6 Correlation between Type of Construction Organization and Awareness, Benefits, 
Barriers and Strategies 
In considering the benefits of BIM, this section of the analysis sought to determine whether 
the type of construction projects that the participants undertake had any significant relation 
with their views on BIM awareness, benefits, barriers and strategies. The relationship 
between the types of construction projects of different organizations in Saudi Arabia and 
awareness, benefits, barriers and strategies of BIM in Saudi Arabia are discussed in Table 
5.13 below. 
 
A Kendall’s correlation was run in order to determine the relationship between the 
participants from different organizations that used to undertake different construction projects 
and their perception about the growing demand for BIM usage in Saudi Arabia, amongst 185 
respondents. From the correlation it was found that there is a very weak but positive 
correlation regarding the perception of the demand for BIM usage in Saudi Arabia, that the 
demand of BIM in Saudi Arabia is not too high, but is statistically significant (Kendall’s 
correlation coefficient, Ƭb = 0.1460, significance, p = 0.025). On the other hand, a negative 
correlation is found between the participants of different construction project-based 
organizations and their responses to ‘BIM does not add much value to our organization’, (Ƭb 
= -.148, p = 0.022). 
Table 5.13: Relationships Between the Types of Construction Projects Undertaken and 
Barriers, Awareness and Benefits of BIM in Saudi Arabia 
Question 8: Types of Construction Projects Your Organization Undertakes  
Questions Regarding Barriers, Awareness and Benefits Correlation Significance 
Q22: There is a growing demand for BIM usage in Saudi 
Arabia. 
   0.1460* 0.025 
Q42: BIM does not add much value to our organization. -0.148* 0.022 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
From this result, it is identified that experience on different project types affect the views of 





some experience of BIM would usually be expected to identify the demand for BIM on such 
projects. Again the results gave a negative correlation on whether or not BIM adds value to 
organizations, thus indicating that the more complex the projects people have worked on, the 
more likely they are to be able to see the value-adding capabilities of BIM. From this it can 
therefore be concluded that the benefits of BIM can be realised with large and complex 
projects where many different parties will have various roles to play.  
5.4.7 Correlation between Cost of Projects and Awareness, Benefits, Barriers and 
Strategies 
From Table 5.14 below, the correlation analysis about the relationships between the highest 
project costs of organizations involved in the construction industry and awareness, benefits, 
barriers and strategies of BIM in the construction industry of Saudi Arabia it was found that 
there is a weak correlation between growing awareness (Ƭb = 0.2670, p = 0) and growing 
demand (Ƭb = 0.2490, p = 0) for BIM usage in Saudi Arabia, which is statistically significant. 
On the other hand, there is negative weak correlation between the highest project cost in a 
construction organization and ‘BIM doesn’t add much value to the construction organization 
in Saudi Arabia (Ƭb = -0.238, p = 0). Again, in the case of a construction organization 
involved in high cost projects, there is a very weak correlation with the cost-effectiveness and 
conflict minimization applications of BIM in a construction project. There is a very weak and 
positive correlation between the need for BIM promotion to construction clients in Saudi 
Arabia (Ƭb = 0.134, p = 0.041), while a very weak correlation is found in the case of the need 
for regulation and law for practitioners who are using BIM.  
Table 5.14: Relationship Between the Highest Cost of Projects and Barriers, Awareness 
and Benefits of BIM in the Construction Industry of Saudi Arabia 
Question 10: The Highest Cost of Projects Your Organization Has Been Involved In 
Questions Regarding Barriers, Awareness and Benefits of 
BIM 
Correlation Significance 
Q21: There is a growing awareness of BIM usage in Saudi 
Arabia. 
0.2670** 0 
Q22: There is a growing demand for BIM usage in Saudi 
Arabia. 
0.2490** 0 
Q24: The use of BIM reduces the overall project cost. 0.1340* 0.041 
Q25: The use of BIM minimizes construction conflicts. 0.1980** 0.003 
Q42: BIM does not add much value to our organization. -0.238** 0 
Q44: The importance of BIM should be further promoted 






Q45: The use of BIM should be regulated. 0.195** 0.003 
Q53: A law is needed to compel practitioners to use BIM. 0.178** 0.005 
** Correlation is significant at the 0.01 level (2-tailed). 
*   Correlation is significant at the 0.05 level (2-tailed). 
 
The results identified in this section suggest that the higher the cost of the projects in which 
participants have been involved, the better their understanding or perception of BIM. This 
result is expected as larger projects are generally seen as a good avenue for BIM 
implementation and adoption due to the number of parties involved. There was a negative 
correlation between increasing project costs and the view that BIM does not add value to the 
organization and this is an indication that people who have been on large projects are more 
likely to see or know the benefits of BIM on their projects and within their organizations. The 
results is comparable with those of Bin Zakaria et al., (2013). For projects with higher cost 
outlays, the consensus is that the use of BIM should be regulated (Ƭb = 0.195, p = 0.003). 
BIM regulations should consist of a clear interpretation of all the roles and responsibilities of 
all the participants and stakeholders in the construction project at any given time. This calls 
for a document known as a common standards, guideline or code of practice for the uniform 
delivery of information and data in addition to a common working methodology for BIM 
usage. 
5.4.8 Correlation between Familiarity with BIM and Awareness, Benefits, Barriers and 
Strategies 
The relationship between familiarity with BIM and the awareness, benefits, barriers and 
strategies of BIM in Saudi Arabia are discussed in Table 5.15 below. Depending on the level 
of familiarity with BIM, it is expected that participants may have some knowledge about the 
benefits of BIM and its implementation. 
 
A very weak correlation was found between familiarity with BIM and growing awareness of 
BIM in Saudi Arabia (Ƭb = 0.1310, p = 0.036), BIM will reduce project completion timescale 
(Ƭb = 0.1470, p = 0.024), cost-effectiveness of BIM, conflict reduction during project with the 
help of BIM usage, BIM makes information more straightforward and easily accessible to the 
project members, and BIM can be used to visualize the real time model of the project.  
 
On the other hand, there was weak correlation between familiarity with BIM and the 





0). Again, some of the participants felt that BIM should be regulated (a very weak 
correlation), more efforts are needed to make BIM operable, and adoption of BIM will be 
valued in Saudi construction organizations. A very weak correlation was found between 
familiarity with BIM and ‘Saudi Government specifically provides financial subsidy to 
promote the adoption of BIM by construction organizations’, which implies that the Saudi 
Government needs to become more focused and provide financial support to promote BIM 
(statistically significant, Ƭb = 0.131, p = 0.038).  The correlation results for familiarity with 
BIM and the efforts of the government in relation to BIM suggest that even though 
participants may be familiar with BIM, they are not likely to know about government 
interventions throughout the process. This is also likely to be because participants are not 
aware of the role of government intervention in other countries and how this has helped with 
BIM adoption and implementation. This result makes the need for government efforts 
relating to BIM adoption and implementation very important.  
 
Table 5.15: Relationship Between Familiarity With 'Building Information Modelling' 
(BIM) and Barriers, Strategies, Awareness and Benefits of BIM in Saudi Arabia 
Question 11: Familiarity With 'Building Information Modelling' (BIM) 










Q23: The using of BIM will shorten the overall project 
timescale. 
0.1470* 0.024 
Q24: The use of BIM reduces the overall project cost. 0.1910** 0.003 
Q25: The use of BIM minimizes construction conflicts. 0.1850** 0.005 
Q26: The use of BIM makes information more accessible to 
project team members. 
   0.1410* 0.031 
Q28: The use of BIM makes communication more 
straightforward. 
   0.1550* 0.018 
Q29: The use of BIM makes project sequencing/ scheduling 
easier. 
    0.1810** 0.006 
Q30: Full project Life Cycle evaluations can be conducted 
using BIM. 
    0.2540** 0 
Q31: A real time model of the project can be visualized with 
the use of BIM 
    0.2050** 0.002 
Q35: There is no (legal) practice guide to support the use of 
BIM in Saudi Arabia. 





Q42: BIM does not add much value to our organization.  -0.231** 0 
Q45: The use of BIM should be regulated. 0.160* 0.014 
Q47: BIM should be introduced into the curricula of Saudi 
Arabian universities. 
0.164* 0.012 
Q48: More efforts are needed to make BIM inter-operable. 0.162* 0.014 
Q49: Adopting BIM will give Saudi construction 
organizations an added value. 
0.133* 0.044 
Q52: The Saudi Government specifically provides financial 
subsidy to promote the adoption of BIM by construction 
organizations. 
0.131* 0.038 
Q53: A law is needed to compel practitioners to use BIM.  0.218** 0.001 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
From this correlation analysis, it is quite clear that there is a need for people within the 
industry to know more about BIM and its value-adding capabilities. In line with the results, it 
can be concluded that the more familiar people are with BIM, the better their understanding 
of its importance, the need for it and measures that can support BIM implementation. Parties 
familiar with BIM also suggest that there is no legal guide that can help parties in adopting 
and implementing BIM. This calls for the need to have a guide, whether from government or 
other recognised institutions within the Saudi Arabian construction industry, which can help 
the industry in its journey towards adopting BIM. 
5.4.9 Correlation between Extent of BIM Training and Coaching and Awareness, 
Benefits, Barriers and Strategies 
This correlation sought to test how the extent of BIM training and coaching received by 
participants related to their views on the awareness, benefits, barriers and strategies of BIM, 
as shown in Table 5.16 below.  
 
Participants who had attended training sessions about BIM within their organization were 
asked to respond with their thoughts on the increase of BIM awareness in Saudi Arabia. A 
weak but positive correlation was found (Ƭb = 0.2910, p = 0). Similarly, a very weak 
correlation was found regarding the growing demand of BIM but the relation was significant 
(Ƭb = 0.1930, p = 0.002). Again, there was a very weak correlation between the participants 
who had attended training sessions about BIM within their organization and the cost 
effectiveness, straight communication benefits, and evaluation of full project life cycle using 





model and a few of them felt that more effort needed to be made in order for BIM to become 
inter-operable.   
 
Table 5.16: Relationships Between number of BIM Training/Coaching Sessions 
Attended and Barriers, Strategies, Awareness and Benefits of BIM in Saudi Arabia 
Question 12: How Many BIM Training/Coaching Sessions Were Attended Within 
Work Organization 
Questions Regarding Barriers, Strategies, Awareness 
and Benefits 
Correlation  Significance 
Q21: There is a growing awareness of BIM usage in Saudi 
Arabia. 
0.2910** 0 
Q22: There is a growing demand for BIM usage in Saudi 
Arabia. 
0.1930** 0.002 
Q24: The use of BIM reduces the overall project cost. 0.1650** 0.01 
Q28: The use of BIM makes communication more 
straightforward. 
0.1310* 0.043 
Q30: Full project Life Cycle evaluations can be conducted 
using BIM. 
0.1900** 0.003 
Q40: It takes a longer time to develop a BIM model. 0.147* 0.019 
Q42: BIM does not add much value to our organization. -0.150* 0.015 
Q48: More efforts are needed to make BIM inter-operable. 0.137* 0.036 
Q53: A law is needed to compel practitioners to use BIM. 0.151* 0.015 
** Correlation is significant at the 0.01 level (2-tailed). 
*   Correlation is significant at the 0.05 level (2-tailed). 
 
From the results of this correlation, a common outcome is the need for improved education 
on BIM and the benefits it possesses. Even though the correlations found above were weak 
and very weak, there was a general realization among participants who had received some 
BIM training in the Saudi Arabian construction industry that BIM comes with benefits for the 
organizations and their projects. The very weak correlations between parties who had 
attended some training sessions and their views on BIM reduces overall cost of projects can 
be attributed to the fact that the benefits of BIM can fully be realised when well implemented 
(Stanley and Thurnell, 2014). This can also be attributed to the low level of knowledge or 
expertise which the participants have in relation to BIM. Concerns such as the time it takes to 
develop BIM models might be drawbacks to people’s views on the need for implementation 





attended, it can be seen that many of the respondents had attended few sessions and might not 
be in a position to fully understand or realise the full capabilities of BIM implementation. 
Perceptions of BIM have been reported by Enegbuma et al., (2015) to influence the adoption 
of BIM. There is a need, therefore, to ensure that the parties in the construction industry have 
the correct knowledge of BIM, its barriers and benefits so the right perceptions may be 
formed. This will in turn positively affect the attitude of parties towards the adoption of BIM 
in the Saudi construction industry. 
5.4.10 Correlation between the Number of Projects Developed and Handled with the 
Help of BIM and Awareness, Benefits, Barriers and Strategies 
The essence of this correlation was to test whether respondents who had had experience with 
BIM on different projects were likely to have different views on BIM implementation and 
adoption compared to respondents with little or no such experience.  
The relationship between the number of projects developed and handled by the respondents 
in this study with the help of BIM and the awareness, benefits, barriers and strategies of BIM 
in Saudi Arabia are discussed in Table 5.17 below. 
 
From the Kendall’s correlation run between the numbers of project handled by participants 
with the help of BIM and their perception about the growing awareness and demand of BIM 
in Saudi Arabia, a weak correlation was found between these variables (Ƭb = 0.2850, p = 0 
and Ƭb = 0.2760, p = 0 respectively). There was a very weak correlation between the 
perception of participants about the importance of BIM in reducing overall project cost and 
that of the participants who had handled some BIM projects (Ƭb = 0.1300, p = 0.041). On the 
other hand, a negative correlation was found between the participants who had handled some 
BIM projects and their responses about ‘BIM does not add much value to our organization’, 
(Ƭb = -0.269, p = 0). These results suggest that people who have used BIM on projects have 
perhaps seen the value added to their projects by adopting BIM. As presented in the literature 
review, BIM has many benefits which lead to increased value in adopting BIM on projects 
(See Chapter 3).  The benefits of adopting BIM, as discussed earlier, is related to the maturity 
level of BIM adopted and this is linked to the personnel involved in the adoption of BIM 
(Bew and Underwood, 2010).   
 
Again, a very weak correlation was found between the participants’ perception about BIM 
regulation and the need for a law to compel BIM users with respect to the experiences of 





the little experience by most participants with BIM implementation. Results from Powal and 
Hewage (2013) and Eadie et al., (2013) suggest that government regulations play a key role 
in the adoption and implementation of BIM.  
 
Table 5.17: Relationships Between number of Projects Developed Using BIM and 
Barriers, Strategies, Awareness and Benefits of BIM in Saudi Arabia 
Question 14: How Many Projects Have Been Developed Using BIM Within Your 
Organization 
Questions Regarding Barriers, Strategies,  
Awareness and Benefits 
Correlation  Significance 
Q21: There is a growing awareness of BIM usage in Saudi 
Arabia. 
0.2850** 0 
Q22: There is a growing demand for BIM usage in Saudi 
Arabia. 
0.2760** 0 
Q24: The use of BIM reduces the overall project cost. 0.1300* 0.041 
Q30: Full project Life Cycle evaluations can be conducted 
using BIM. 
0.1480* 0.02 
Q39: The non-availability of a parametric library hinders the 
uptake of BIM. 
0.137* 0.029 
Q42: BIM does not add much value to our organization. -0.269** 0 
Q45: The use of BIM should be regulated. 0.142* 0.027 
Q53: A law is needed to compel practitioners to use BIM. 0.125* 0.045 
** Correlation is significant at the 0.01 level (2-tailed). 
*   Correlation is significant at the 0.05 level (2-tailed). 
From the analysis conducted in this section, all the variables show a positive relation with 
projects that have been developed using BIM with the exception of ‘BIM does not add value 
to the organization’. This is an indication that the more people use BIM on projects, the more 
they come to understand its use and importance, and the benefits it provides for the 
companies and their projects. The realization provides a strong support for the need for 
increased awareness and efforts to ensure BIM is implemented in the Saudi Arabian 
construction industry. This need brings with it the importance of education on BIM for the 
stakeholders in the construction industry. 
 The negative correlation found between the number of projects completed with BIM and the 
responses to ‘BIM does not add much value to the company’ is also an indication that people 
who have used BIM on projects can identify the impacts BIM has on the processes of the 





experience with BIM corresponds with the knowledge of professionals concerning the 
benefits and barriers to the implementation of BIM. These results serve as a contribution to 
the need to ensure parties are educated to increase their awareness of BIM and the benefits it 
offers to the construction industry.  
5.5 RELIABILITY OF RESEARCH FINDINGS  
The quality of research is found in the reliability of the research findings. As stated by 
Bryman and Bell (2007), reliability of research depends on ensuring consistency in terms of 
the measurement of the key concepts. This was achieved in this research by ensuring a 
consistent instrument for collecting data was designed. In analysing and presenting the data in 
section, every care was taken to ensure the research led to reliable results. As discussed in 
Section 4.9.1, the questionnaire is clearly understood by the respondents and free of any 
ambiguity. The piloting ensured that the questions are well understood and correctly 
interpreted. A stable reliability was achieved in such a way that the data collection period did 
not affect the validity of the questionnaire in any way.   
 
5.6 SUMMARY OF CHAPTER FIVE 
This chapter has analysed and discussed the results of the quantitative data collected for this 
research. From the analysis of the data, it is evident that BIM awareness in the Saudi Arabian 
construction industry is not very high, even though there is a growing awareness of the 
benefits of BIM implementation in the industry. From this chapter, it has also been identified 
that there is a section of professionals who have had some experience with BIM 
implementation at different levels (although the level of experience is quite low), with many 
respondents agreeing that they have little knowledge and experience of BIM. The results also 
suggest that people with higher levels of education and more experience see the need for BIM 
in the Saudi Arabian construction industry and identify the benefits that are likely to be 
derived from proper implementation. From the factors needed for implementation of BIM, 
education and government support were identified as required for ensuring the benefits of 
BIM are achieved. In terms of reasons for implementing BIM, the results indicate that the 
perceived benefits of BIM implementation are the main drivers for its implementation. 
The next chapter presents the results on the qualitative data collected through the use of 
interviews, done concurrently with the quantitative data. Information in the next chapter is 










6.1 INTRODUCTION TO CHAPTER SIX 
This chapter concentrates on the analysis of the qualitative data obtained through the 
interviews. The third objective of the research is to empirically investigate the extent and 
nature of the use of BIM and associated barriers in the Saudi Arabian construction industry 
(refer to section 1.7).  The qualitative research was conducted to shed more light on the results 
from the quantitative research. In doing this, questions similar to that of the quantitative 
research were posed to interviewees, who were given the chance to explain the reasons for 
the answers they provided. Issues such as barriers to BIM implementation and the current 
level of understanding as presented in the quantitative research were key in the qualitative 
research phase and linked to objectives (iii), (iv) and (v) of this research. In order to address 
these objectives, the chapter presents an analysis of the data obtained through the qualitative 
study. The findings will then be used to develop a strategy for adopting BIM in Saudi Arabia.  
Beyond the demographic information, questions posed in the interview were carefully 
designed to mirror that of the questionnaire survey. A summary of the links between the 
survey questions and the interview questions and the questionnaire survey is shown in the 
table 6.1 below. 
Table 6. 1 Comparison Between Qualitative and Quantitative Data Collection 
Areas in Quantitative data collection Link to Qualitative data collection 
Familiarity with BIM Education and training on BIM (section 6.9) 
Familiarity with use of BIM Understanding of BIM in relation to the 
organisation (section 6.5) 
Frequency of use of BIM Sharing for project information (section 6.4) 
Fears of adopting BIM in the construction 
industry (section 6.6) 





BIM adoption (section 6.8 and 6.6) 
Processes improved by BIM Understanding of BIM in relation to 
organisation 
 
6.2 THE DATA COLLECTION 
In addition to the quantitative study, a qualitative study was concurrently undertaken to 
explore the level of awareness and understanding of BIM in the Saudi Arabian construction 
industry, as well as the barriers to its implementation and the strategies for its adoption. As 
discussed in Chapter Four, interviews were used in conducting the qualitative study. 
According to Schostak (2006), an interview can provide insights into the experiences, beliefs, 
values, knowledge, interests, and concerns of the other, as well as being a means of assessing 
their reasoning and actions.  Therefore, to address the research objectives, interviews were 
considered to be an appropriate method for data collection. 
Semi-structured interviews were conducted to obtain the primary data for this research study. 
The interviews were carried out with eleven Saudi construction professionals from both the 
public and private sectors. The selection criteria for the interview participants was on the 
basis of professional position and years of experience working in the Saudi construction 
industry, as well as awareness of BIM, as they had experience of working on many projects 
with the use of BIM. 
For the purpose of this research, the semi-structured interview was the form chosen in order 
to conduct a qualitative study. Since the research involved developing strategies for BIM 
adoption in Saudi construction organizations, this required an input in the form of approaches 
and descriptions from the participating construction professionals. As a result, flexibility was 
needed in the interviews in terms of following up questions. Hence semi structured-
interviews were selected, as they provide much needed flexibility while maintaining the 
overall structure of the interview themes. 
6.3 PROFILE OF THE INTERVIEWEES 
The interviews were conducted among construction professionals operating on various 
projects in the selected organizations. As shown in Table 6.2 below, these personnel were: 
Infrastructure Development Engineer (R1), Educationist and BIM Consultant (R2), Planning 
and Architectural Engineer (R3), Industrial Project BIM Consultant (R4), Architectural 





Manager (R7), Mechanical Electrical Plumbing Engineer (R8), Real Estate Development 
Engineer (R9), Project Manager (R10), Project Manager at Ministry of Education Works 
Department (R11). These personnel are deeply involved in sharing information on projects in 
their respective organizations. 
Table 6.2: Level of Experience of the Respondents  
Respondent Job Description Experience 
R1 Infrastructure 
Development Engineer 
Designer using various software ranging from 
manual drafting to AutoCAD and graduating into 
Revit for infrastructure and development projects. 
R2 Associate Professor Works in construction department of the 
university. Also a consultant specialist in BIM and 
does BIM training. 
R3 Lecturer and 
Architectural Engineer  
Planning engineering and architectural 
engineering using ARCHICARD and practises in 
firms which are specialised bureaux in BIM 
services. 
R4 Engineer Operates in private sector and industrial projects 
as BIM consultant. 
R5 Architectural Engineer  Design consultant in architectural engineering. 
R6 Engineer Works in commercial sector and on private 
projects. 
R7 Educationist and 
Project Manager 
Lectures in university’s building department about 
every stage from the design stage to the completed 
building works. Also works as project manager for 
the university.  
R8 Services Engineer Mechanical, electrical and plumbing designer. 
R9 Engineer Real estate developer who deals with 
infrastructure and residential units. 
R10 Project Manager Project manager on private projects. 
R11 Project Manager and 
Engineer 
Works in Project Management Department at the 
Ministry of Education. This department supervises 
the Ministry’s projects which include school and 






6.3.1 Organization Operating Sector 
Questions under this theme sought to understand the sector within which the interviewees 
worked. The sector of construction operations varies and can be classified as public, private 
or both. As shown in Table 6.3 below, seven of the interviewees (R1, R3, R4, R5, R6, R9 and 
R10) responded based on their private sector projects while two (R7 and R11) responded 
based on their public sector (government) projects. Thus, two of them (R2 and R8) have been 
involved in both private and public sector projects.  
They can also be classified based on size. The EU classifies construction organizations into 
small, medium and large (Proverbs and Holt 2000). The small organizations function in small 
areas. For example, in small organizations, R7 and R11 operate in small areas locally, while 
in medium-sized organizations, R1, R3 and R9 operate at national level within Saudi Arabia. 
The large organizations cover large areas and also operate at international level across the 
Middle-East countries. For example R2, R4, R5, R6, R8 and R10 operate in these large 
organizations working on large projects. However, some respondent are involved in projects 
of different sizes. For example, R11 emphasized that as projects from the Ministry of 
Education are designed according to model, place and need, these criteria form the basis for 
being involved in all forms of projects. 
 






 In Organizations) 
1 Private Sector 7 R1, R3, R4, R5, R6, R9, R10 
2  Public Sector 2 R7, R11 
3  Private and Public  2 R2, R8 
 
Table 6.3 shows that the majority of these respondents who are involved in BIM application 
are working in the private sector. The government of Saudi Arabia therefore needs to 
introduce Building Information Modelling (BIM) among its workers to achieve a smooth and 
successful implementation within a government-controlled environment. The fact that most 
of the construction projects are owned by the Saudi Arabian government means that the 
government will also have a major role to play in enforcing the application of BIM in its 
projects and ensuring compliance with BIM implementation requirements among both private 





various ministries and government agencies. These projects range from infrastructure 
development to consultancy services, commercial development, mechanical and electrical 
works, residential development and industrial projects. 
Table 6.4 below shows that most of the interviewees from different organizations are 
involved on large projects. This shows that large budgets are involved on these projects 
which make the successful delivery of these projects paramount. 
Table 6.4: Size of Organizations Where the Interviewees Work 
S/N Size of Organization Frequency of Occurrence Interviewees 
1 Small  2 R7, R11 
2 Medium 3 R1, R3, R9 
3 Large 6 R2, R4, R5, R6, R8, R10 
 
Table 6.4 above shows that 50% are working for large organizations, 32% for medium while 
18% for small size organizations.  
6.4 SHARING OF PROJECT INFORMATION AMONG PROJECT TEAM 
MEMBERS 
This section presents responses to the question: how do you communicate and share 
construction project information with the different members of the project team members? 
The interviewees were asked to indicate the means used for sharing project information 
among the project stakeholders on projects they had previously been involved in. 
 As shown in Table 6.5 below, in terms of sharing project information among project team 
members, R1, R2, R4, R9 and R10 use both papers and computers, while R6, R7 and R11 use 
papers largely as a means of sharing information. R3, R5 and R8 use computers to share 
information among project team members. According to R1, information is shared “100% by 
email because it is the easiest thing for records sake, for the future also.   It is proof that I 
have already informed this person on so and so date”. On the other hand, R11 argued that 
their organization uses computer very little and depends largely on paper as a means of 
communication on projects. R6 is also of the view that “most contractors use hardcopy of 
documents to exchange information”. Therefore, traditional process of sharing information is 
mostly adopted by the ministries which include two dimensional diagrams and time wasting 





Generally, the interviewees understand the importance and urgency of sharing information 
among project team members in other to enhance better project performance.  According to 
Bew and Underwood (2010), with the use of BIM, project team can come up with innovative 
ideas and solutions by sharing information prior to any issues which may increase the project 
costs. This can only be achieved with highest collaboration and teamwork between the parties 
of the construction project. Therefore, collaboration within different stakeholders and parties 
associated with the project is a core benefit of BIM usage. 
 
Table 6.5: Means of Sharing Information 





1 Traditional (paper) 3 R6, R7, R10 
2 Modern (computer) 3 R3, R5, R8 
3  Mixed (traditional and modern) 5 R1, R2, R4, R9, R11 
 
Information sharing, as seen in Table 6.5 above, shows that mixed methods are widely used 
by most organizations. According to stage 4 of the RIBA Plan of Work (2013), output and 
information distribution (which are mainly via a mixture of both traditional and modern 
methods) are termed level zero of BIM. This is contrary to the NBS National BIM report 
2014 (NBS 2014) which believes that UK organizations in the construction industry have 
moved ahead of this level. It can also be concluded that 2D, which is the traditional method 
of design, is still widely accepted in Saudi Arabia. R3, R5 and R8 were opposed to the 
present way of sharing information, and indicated that nowadays Saudi Arabia’s construction 
industry should practise modern means of sharing information such as digital DB.  Simple 
software, such as Excel, has been used by the various organizations. AutoCAD is also not 
new to these organizations and has been in use over the years. However the collaboration and 
communication environment requires more efforts to be fully implemented. As it can be 
argued that paper-based means of sharing information is ever so gradually being phased out 
in the construction industry of Saudi Arabia.  R11 argued that “sharing information on 
projects comes in two approaches (process and technology) and …[it is] technology [that] 
should be adhered to rather than the process”. It can be concluded from Table 6.4 that the 





help to ease the introduction of BIM to the industry. People using old methods will gradually 
be introduced into BIM through regular training. 
6.5 UNDERSTANDING OF BIM IN RELATION TO THE ORGANISATION 
Research participants were asked to explain and indicate their level of understanding of the 
subject of BIM and the perception of BIM in their respective companies. Several types of 
software, such as AutoCAD, Revit, MicroStation, Drafting and ARCHICAD, have been used 
in the construction industry for the purpose of passing on information on projects. BIM 
comes in as a total information package which helps to solve many problems on site during 
the construction stage.  
In terms of their understanding of BIM and the awareness of BIM to their organization, all 
the interviewees had an understanding and knowledge of the importance of BIM although 
their level of understanding differed. As shown in Table 6.6 below, four of the interviewees 
(R1, R3, R7 and R8) had an understanding of BIM, as they had received some level of 
training on how to use the software and were currently using BIM on projects in their 
organization where it had helped to avoid construction problems and save time during 
construction. 
Whilst R2, R4, R6, R10 and R11 all had an understanding and were aware of the importance 
of BIM to their organization, none of their organizations were using BIM in their projects. 
This is slightly reflected in a survey conducted by BuildingSmart (2011) regarding BIM 
awareness in Middle East, which revealed that in case of BIM adoption, GCC countries are 
still lagging behind the global trend. Similarly, according to Matarneh and Hamed (2017), the 
lack of BIM standards and policies of BIM implementation, lack of BIM awareness and lack 
of knowledge about BIM’s benefits among the construction industry stakeholders and the 
lack of demand from clients and construction firms are among the critical challenges in 
adopting BIM. 
According to R6, “At the beginning I thought we were implementing BIM but what I 
understood later once I had studied for my Master’s degree in the UK was that we are not 
implementing BIM but we are dealing with central information storage and management, 
which only the staff of the company can access”. Similarly, R11 suggested that the lack of use 
of BIM and regular adjustments made on projects by the Ministry has led to delays in 





both had a low level of understanding and awareness of the importance of BIM and their 
organizations were not using BIM for their projects. 
The interviewees understood BIM as a process of sharing information on projects which 
brings many benefits, such as retrieving records for future purposes, and also helps to reduce 
construction problems on site. They had an understanding of the technology but saw 
implementation and integration of the process as a challenge to the industry.  
 
Table 6.6: Understanding of BIM 
Understanding of BIM Frequency of 
Suggestions 
Interviewees  
High awareness and understanding of BIM  9 R1, R2, R3, R4, R6, R7, 
R8, R10, R11 
Low awareness and understanding of BIM  2 R5, R9 
Understanding of the importance of BIM to 
the industry 
9 R1, R2, R3, R4, R6, R7, 
R8, R10, R11 
Users of BIM 4 R2, R3, R7, R8 
 
As shown in Table 6.6 above, R5 and R9 were the only respondents who had a low 
understanding about BIM, while R4 argued that BIM is seen in the construction industry as a 
visualization tool rather than an information management tool and it occurs at the first stage 
of BIM. However, despite the mainly high awareness level and understanding of the 
importance of BIM to the construction industry from the respondents, the majority of the 
organizations are yet to put into practice the full use of BIM on their projects, as they claim 
that the initial cost of installing the software and the training it will require for personnel to 
become acquainted with the software is the major challenge to BIM being practised by the 
various organizations. 
6.6 FEARS OF ADOPTING BIM IN THE CONSTRUCTION INDUSTRY  
According to the Oxford online dictionary (2018), fear is defined as “a feeling of anxiety 
concerning the outcome of something”. Construction organizations may have fears in 
adopting innovations and changes, for instance due to the risks involved or cost associated 
with the innovations. However, these fears may not necessarily hinder or stop the company 





the fear of adopting BIM as a new technology had an influence on the use of BIM in their 
companies.  
A number of fears have been demonstrated by various organizations in the Saudi construction 
industry towards the adoption of BIM, and although all the interviewees are of the opinion 
that BIM is a new technology in the construction industry, there is a perceived fear towards 
the adoption of this new technology. These fears are about training, new software, lack of 
technical support, initial cost of installation, lack of knowledge of BIM, lack of qualified 
personnel, misunderstanding of BIM and running costs. This indicates that the views of the 
research participants in relation to their perceived lack of qualified personnel, initial cost and 
lack of the training required for BIM were likely to influence their adoption of BIM. 
As shown in Table 6.7 below, R1 and R10 were of the opinion that BIM is a new technology 
with complex software for the construction industry and the need for upgrading is imminent 
and they also feared that it might fade out with time if there was no demand for it.  R4, R6, 
R7, R9 and R11 all indicated that there were fears in adopting BIM in the construction 
industry, but lack of knowledge and of qualified personnel were the major ones they 
identified. R4, R5, R7, R8, R10 and R11 mentioned the initial cost and running costs of the 
technology as their organizations’ major fears over BIM, while R2, R5 and R10 focused on 
the cost of training personnel in this regard. In contrast to all of these, R3 identified no fear in 
the adoption of BIM to the organization because was not new to the organization and had 
been used by it for some time.  
Lack of awareness of BIM may be the factor that led to fears of its adoption. As mentioned 
by R8, “Maybe it is because we haven’t had experience [of it] before. That could be the main 
reason – no one knows how to use it, how it extracts the information and how to manage the 
BIM itself.” 
Table 6.7: Fears of Adopting BIM 
S/N Fears of Adopting BIM Frequency of 
Suggestions 
Interviewees Ranked by 
Frequency 
1 Training of personnel 3 R2, R5, R10 3
rd
 
2 Initial cost and running costs 
of the software 
6 R4, R5, R7, R8, 
















5 Change  2 R1, R10 4
th
 
6 Client demand 1 R4  7
th
 
7 Regulations for imposing 
BIM 
2 R6, R9 4
th
 




From Table 6.7 above, the initial cost and running costs as suggested by R4, R5, R7, R8, R10 
and R11 are ranked first as the major fear encountered in the adoption of BIM by the 
organizations. R8 felt that “application of BIM means spending lots of money for any project.  
With BIM you have to increase the project cost, to make a profit”. Therefore, the organization 
sees the BIM application as a threat to their profit margin. 
The cost issue was closely followed by lack of adequate knowledge of the software and then 
by the training of personnel. The view of R11 was that “BIM has been misunderstood and 
lack of awareness of what can bring to the industry is a factor to be considered”. The 
respondents were of the opinion that once the first three ranked items were eliminated, BIM 
would be easily adopted in Saudi Arabia’s construction industry. Those who selected initial 
cost and running costs as the main fear encountered were also of the opinion that the 
government should encourage organizations to use BIM on their projects, and they suggested 
that once the government makes it compulsory for all projects to be executed by BIM, 
organizations would have no choice but to adhere to it. According to R2, “the Saudi 
government should make [BIM] compulsory for getting contracts, like in Emirates. As you 
know, in Dubai in 2014, the government of Dubai forced the companies to implement BIM for 
all their projects.” 
The solution proposed in response to the lack of adequate knowledge of BIM was that 
organizations and the government should make it a routine procedure to help their personnel 
in acquiring knowledge of new developments in the industry.  
The training of personnel was also seen as paramount and it was suggested that conferences 
and workshops should be held regularly to ensure that personnel are up to date on knowledge 
about BIM. R6 stated, “I will invest in training individuals in the hope that it will prove to 
have value. This application should be supported with training throughout because spreading 






6.7 MAIN BARRIERS TO ADOPTION OF BIM 
Interviewees were asked about the main factors they foresaw or had experienced as barriers 
to the adoption of BIM in the Saudi Arabian construction industry. According to the Oxford 
online dictionary (2018), a barrier is “a circumstance or obstacle that keeps people or things 
apart or prevents communication or progress”. In this case, these are factors that prevent 
construction organizations from adopting innovative technologies like BIM in their 
organizations. 
As shown in Table 6.8 below, according to the responses from the interviewees, there are 
many barriers to BIM adoption, despite the benefits it brings to the industry, and these 
barriers are keenly felt by various organizations. They include the fear of change, cost of 
implementation, team culture, lack of knowledge, legal and contractual issues, client 
awareness, government rules and regulations, and training and lack of manpower. Similarly, 
according to survey findings from BuildingSMART (2011), the main barriers to BIM 
adoption are lack of experience and skilled staff who are knowledgeable and equipped in 
using BIM, cost of BIM implementation, lack of education and lack of proper training in 
using BIM, and very low level of knowledge and understanding about BIM usage. 
Table 6.8: Barriers to The Adoption of BIM 
S/N Main Barriers To BIM Frequency of 
Suggestions 
Interviewees 
1 Team culture 5 R2, R4, R5, R7, R9 
2 Client awareness and 
requirements 
2 R4, R8 
3 Legal and contractual issues 6 R2, R4, R5, R7, R9, R11 
4 Training and lack of 
manpower 
All of them R1, R2, R3, R4, R5, R6, R7, 
R8, R9, R10, R11 
5 Cost of implementation All of them R1, R2, R3, R4, R5, R6, R7, 
R8, R9, R10, R11 
6 Lack of strict government rules 
and regulations 
1 R6 
7 Fear of change All of them R1, R2, R3, R4, R5, R6, R7, 






From Table 6.8 above, it can be observed that R2, R4, R5, R7 and R9 identified team culture 
as one of the key barriers to the adoption of BIM by organizations and they also stated that 
legal and contractual issues involving BIM are not understood. It was discovered that 
different nationalities of personnel are used in executing projects in Saudi Arabia. According 
to R2, “the team culture is very important, especially at this time when we have different 
nationalities doing construction work in Saudi Arabia”. This can have a major effect on 
project information because the introduction of BIM would attract a new method of work but 
would not affect communication because BIM is an improved means of communication about 
projects. It was also suggested that once collaboration and communication is introduced team 
culture improves. 
R4 and R8 identified clients requirements as the main barrier, stating that once a prospective 
client is aware of the benefits and knows the application of BIM, that client will insist that the 
technology should be used on their projects. It was further stressed that since the client bears 
the burden of the initial cost and running costs of the software their consent is important 
before BIM can be adopted on any of their projects. 
R6 was of the opinion that lack of motivation and lack of strict rules and regulations from the 
government are the main barriers to the adoption of BIM.  R6 stressed that “there is a lack of 
motivation on the side of the government and its various ministries and agencies”. In other 
words, there are few or no motivational measures to make individuals and construction 
organizations adopt BIM. Furthermore, R3 and R8 held the view that team culture and 
contractual issues do not really have a direct impact on the adoption of BIM: they suggested 
that culture has nothing to do with the adoption of BIM since it is a general language that is 
used in running the software and also expatriates have carried out projects in Saudi Arabia 
using BIM and these were successful. 
Suggestions were also made by the respondents that workshops, conferences and short 
training courses should be organized by the government and organizations to educate 
personnel in the industry. According to R1, “For sure, if you are going for anything, you need 
to have the basic knowledge.  You need the basic things to know what it is about. What does it 
do? What does it create? You need to know everything about it. So, for that reason you need 
something compulsory, for example a conference”. In cases where the organizations cannot 
afford the cost of training of their personnel, the government should subsidise such training 





motivation and encouragement for both the organizations and the personnel to adopt the use 
of BIM. 
6.8 STRATEGIES FOR BIM ADOPTION  
According to the Oxford online dictionary (2018), strategy is “a plan of action designed to 
achieve a long-term or overall aim”. The research solicited ideas from the participants on 
what they considered as strategies for achieving a successful adoption of BIM and realising 
the benefits of BIM on a long-term basis. The strategies proposed by the interviewees for its 
successful adoption in Saudi Arabia include: collaboration between government and 
professional bodies towards adopting BIM, creation of binding rules on construction 
organizations and government works departments on BIM implementation, creation of a 
separate department or agency to guide or support the application of BIM in both private and 
public sector projects cost-free, creation of BIM task group and alliance, training of 
personnel, identification of main actors and champions, increasing awareness level of the 
benefits of BIM, including BIM in the curriculum for students  at colleges and universities 
that teach engineering and architecture courses, government enforcement of the use of BIM 
on projects, and conducting conferences and workshops. 
As shown in Table 6.9 below, R1, R2, R3, R5, R6, R7 and R9 all agreed that the creation of 
new rules guiding BIM in the industry would help to enhance the adoption process, and to 
support these new rules, R3, R4, R5, R7, R9 and R11 believed that a BIM task group and 
alliance is urgently needed. For all these to be achieved, R1, R2 and R11 believed that there 
should be collaboration between the government and various professional bodies involved in 
the industry to ensure that BIM is used, whilst R1, R2, R10 and R11 further stressed that the 
government is in a better position to enforce the use of BIM on every government project as 
this has been practised in some European countries. According to R2, “I think that is what 
actually happened in the UK, so if you want Saudis to adopt BIM, you need someone to 
enforce it like the Saudi Council of Engineers, for example”. However, R9 observed that 
enforcement of a BIM task group may be difficult, due to the nature of the Saudi industry. 
To achieve enforcement, R4, R6, R7, R8 and R9 are of the opinion that a separate department 
such as a government ministry or specialist government BIM department, should be created 
to handle the affairs of BIM and to ensure the successful integration of BIM.  They also 
pointed out that the new department would also need to be given the autonomous power to 





and R10 believed that a separate department is not needed but the BIM proposal should be 
integrated into the existing department so that everyone in the industry can be carried along.  
“You need to develop your existing department to support BIM application” R2 suggested. 
The main actors in carrying out these strategies are the government and professional bodies. 
R5 and R8 believed that the professional bodies are more involved in the execution of 
projects while R2, R4, R5, R6, R7, R8, R9, R10 and R11 viewed the government as the main 
actor since they set the standards and rules that guide projects in the country. Looking at the 
government as the main actor in the construction industry in Saudi Arabia, they are mainly 
involved in the setting of policies, standards and rules that will affect the industry, and R11 
suggested that “it must start from the higher authorities. This gives them a better chance of 
ensuring that BIM is implemented and also used by the industry”. Similarly, Smith (2014) 
found that government support and collaboration with construction industry leadership is 
necessary in order to implement BIM successfully. For instance, in countries like the UK and 
USA, the government has mandated the use of BIM in publicly funded projects. Furthermore, 
Quek (2012) also identified the setting of national and global standards for BIM as a key 
strategy for BIM implementation. 
Increasing the level of awareness, conducting conferences and seminars, and increasing the 
knowledge of BIM were considered by the respondents to be key strategies to BIM adoption. 
For instance, according to R10, “the first strategy if the government wants the construction 
participants to implement BIM is to increase the level of knowledge and the awareness”. 
Education and training on BIM and strategic planning and standardised government policies 
are also a strategy suggested by Al-Mohannadi et al., (2013). Clients’ requirements and 
owners’ adoption are considered by R5 and R8. “You need the client to buy in and specify it 
as part of the requirements in the project” R5. R8 believes that “to achieve this, you need to 
change the client’s mindset”. Therefore it can be established that BIM implementation starts 
from the client, so the client is one of the main players in implementing it. 
One of the respondents R7 suggested that presenting case studies to show various benefits 
enjoyed and challenges encountered and how the latter were resolved by using BIM on 
previous projects executed where BIM is practised, is a means of motivating and creating 
more awareness among clients, organizations and various personnel in the industry. For 





based BIM building product information are needed in order to facilitate and motivate the 
construction professionals. 
As shown in Table 6.9, the enforcement creation of new rules and standards by the 
government as the main actor was ranked first among strategies to be carried out to ensure the 
adoption of BIM. This shows that the majority of the work concerning strategies on BIM 
adoption lies with the government and they should produce a time frame for mandatory BIM 
implementation on construction projects in Saudi Arabia.  
To assist the government in achieving their objectives it was suggested that the creation of a 
BIM task group and alliance and forming collaboration with BIM experts would help 
government in putting adoption of BIM on track. While R8 and R9 were pessimistic about 
the effectiveness of this strategy due to the cultural nature of the industry, R1 suggested that 
“this responsibility could be undertaken by the Saudi Council of Engineers”. 
Table 6.9: Strategies for Adopting BIM 
S/N Strategy Frequency of 
Suggestions 
Interviewees 
1 Government enforcement 4 R1, R2, R10, R11 
2 Creation of separate department for 
BIM 
5 R4, R6, R7, R8, R9 
3 Creation of BIM task group and 
alliance  
6 R3, R4, R5, R7, R9, R11 
4 Collaboration between government 
and professional bodies in the 
industry 
3 R1, R2, R11 
5 Creation of new rules and standards 
for BIM 
7 R1, R2. R3, R5, R6, R7, 
R9 
6 Integrating BIM with the existing 
department 
2 R2, R10 
7 Increasing knowledge and awareness 
by conducting conferences, seminars 
and training 
3 R3, R10, R11 
8 Clients’ requirements and owners 
‘adoption 
2 R5, R8 
9  The main actor to use in ensuring 
compliance (government) 
9 R2, R4, R5, R6, R7, R8, 
R9, R10, R11 
10 The main actor to use in ensuring 
compliance (professional bodies in 
the industry) 
2 R5, R8 
11 Including BIM as part of the 
curriculum for undergraduates  





12 Presenting of case studies to show 
various benefits and challenges 
encountered using BIM 
1 R7 
The creation of a new department separate from the existing Ministries would give a better 
insight into the use of BIM. A BIM manager should also be appointed just like a project 
manager for projects, to oversee all activities involving BIM in such projects.  
It was also deduced from the interviewees that if the government took this position as the 
main driver of the successful implementation of BIM into the industry, as is the case in 
countries like the United Kingdom and Germany, it would achieve great success in Saudi 
Arabia’s construction industry. This was further supported by their view that where the 
government takes on the role of main actor in the implementation process, new rules and 
standards should also be created for BIM with a working plan for implementing its various 
levels. 
 
6.9 EDUCATION AND TRAINING AS ENABLERS OF BIM ADOPTION  
Participants were specifically asked to indicate whether education and training were critical 
factors to the adoption of BIM in the Saudi construction industry. Education and training are 
seen as the best strategic enablers for the adoption of BIM. Considering BIM as a new 
technology in the construction industry in Saudi Arabia, and the fact that it is implemented at 
different levels, all interviewees agreed that there was a need for training and education. 
Although the views on this process differed from one respondent to the other, they included: 
BIM should be included in the university curriculum, seminars, workshops, presentations, 
short courses and training.  
According to respondents R3, R7 and R9, BIM should be included in the curriculum of 
undergraduate students in colleges and universities that teach Engineering and Architecture 
courses to degree level. These would include the introductory aspect of BIM and also the 
enablers for BIM across all the implementation levels. According to R9, “for undergraduates 
it is good to teach some modules about BIM application in construction”. Similarly, R3, R4, 
R5, R6, R7, R9, R10 and R11 generally observed that it was better for all colleges and 
universities that teach engineering and architecture courses, its students should be aware of 
the technology and have a basic knowledge of it before leaving the university, which would 
make it easier for them when working with BIM on projects. As BIM comes in different 
levels, a long period of study is required to make it easier for undergraduate students in the 





Considering the fact that there are some people in the industry who graduated years before 
the evolvement of BIM, it was also agreed that courses should be put in place to train people 
on the job all levels of BIM.  R1, R2, R4, R5, R9, R10 and R11 all supported the use of short 
courses, since at present it is not used everywhere in the world as a means of training people 
on the job. However, R9 suggested that “for those graduates who are already working in 
construction, they can receive some training on BIM in their related fields that matches the 
needs of their companies which should also support their employees in taking such courses”. 
Workshops and conferences were also seen by all the respondents as a means of passing on 
knowledge and awareness of BIM to people already practising in the industry before the 
introduction of BIM.  R1, R3, R6, R7 and R10 agreed that this should be done on a regular 
basis so that all levels of BIM can be understood to the fullest by the personnel. They also 
emphasize that this training should be free for various staff so as to encourage them to adopt 
the use of BIM on their projects. 
R1 and R2 were of the opinion that both government and organizations should send their staff 
regularly on training and also for workshop on a regular basis so that they can be best 
equipped with the knowledge of BIM. According to R2, “the construction organization and 
also the government should help in the training. And they should have at least 2 training 
courses like in each month and pay the price for this training. It should be supported by the 
government and they should force the contractor, consultants and the project owners to send 
2 employees each month to learn”. 
It was concluded that BIM should be given a trial in the industry in Saudi Arabia because it is 
a useful technology and the application should start before the construction stage of any 
project. 
6.10 IMPLICATIONS OF THE FINDINGS  
The aim of the interviews was to explore the level of awareness of BIM and the barriers 
encountered in the adoption, provide the best strategies to be used in the implementation of 
BIM, and create awareness in the construction industry in Saudi Arabia. Findings from the 
interview and questionnaire survey will be then used to develop a strategic framework for 
BIM adoption in Saudi Arabia to address the aim of the study. 
Rules and standards are to be created for BIM in the construction industry and a level of 
compliance should be ensured by the government as practised in countries such as the UK 





strengthen the awareness level, BIM should be introduced into the curriculum of students at 
the Colleges of Engineering and Architecture, who should be taught the different levels of 
BIM during their undergraduate programme. For personnel in the industry who have 
graduated from university before the evolvement of BIM, training and conferences should be 
made available on a regular basis and personnel should be motivated and encouraged to 
participate in these activities. 
From the research findings, key areas have been identified to help in the adoption and 
implementation of BIM in the industry. These areas are briefly discussed below. (A detailed 
discussion of the key implications of the research results from interviews and questionnaire 
are presented in chapter 7 which deals with the development of a framework for BIM 
implementation for the Saudi Arabian construction industry).  
6.10.1 The Need for Developing a Foundation for BIM Adoption and Implementation 
and the Role of Government  
As seen from the research findings, adopting and implementing BIM requires a good 
foundation that would enable and positively impact on the adoption and implementation of 
BIM. The foundation would need to clearly identify and promote an agenda for the industry 
and also set in place the resources needed. As seen in section 6.4, the sharing of project 
information among team members is a key requirement for implementing BIM. The 
foundation developed for BIM should take this into consideration and also the industry 
should have a more collaborative approach. From the results, it is quite clear that government 
has a key role to play in the process. As seen from the analysis, government’s role will be in 
the form of policy to support the process and investments into BIM considering the cost 
implication. As shown in Table 6.8, legal and contractual issues are some of the main barriers 
to implementation. The lack of government rules has also been identified as a barrier to BIM 
implementation. Taking all these into consideration, BIM implementation and adoption 
would require government involvement if the process is to be successful. 
6.10.2 The Need for A BIM Task Group 
From the results discussed in this chapter, creating a BIM task group will help to spearhead 
government efforts to improve the performance of the construction industry through the 
adoption and implementation of BIM. The task group can help set the agenda, decide 





6.10.3 Lack of BIM Knowledge and Skills and the Need for Education 
The analysis of data also indicates that the construction industry lacks the knowledge and 
skills required to implement BIM. This is one of the main barriers to BIM implementation in 
the Saudi Arabian construction industry, and investment in education and training is required, 
in order to ensure the success of BIM implementation in the industry.  In this regard, 
education and training are seen as a key requirement for the industry to achieve its aims. Due 
to the low level of awareness and the lack of skills in best practices to achieve BIM 
implementation in the industry, the educating and training of construction personnel will help 
to bring the industry to the level required for implementing and adopting BIM. 
6.10.4 Collaboration and Communication 
The research findings shown that collaboration and communication are key requirements for 
implementing BIM. Any effort to ensure the industry adopts BIM should therefore place an 
emphasis on ensuring a cultural change in the way the industry communicates and 
collaborates. Collaboration and communication should therefore form a key part of any 
strategy to implement BIM.  
6.10.5 Increased Awareness of the Benefits of BIM 
The results of this research also imply that increasing the level of awareness of the 
construction industry in relation to BIM and the benefits it provides will serve as a key 
enabler in the process. This will encourage the industry in their willingness and commitment 
to adopt BIM, knowing the benefits they stand to gain.  
6.11 IMPLICATIONS OF FINDINGS FOR FRAMEWORK DEVELOPMENT 
 
As shown in Chapter 5 and in this chapter, the results imply that for the participants in this 
research there is a low level of understanding of BIM. The low awareness and the lack of 
collaboration in the industry, lack of legal backing for BIM adoption and the barriers to BIM 
implementation as presented in both the qualitative and quantitative data analysis chapters of 
this research imply that a systematic approach should be taken towards BIM implementation 
with government backing. The need for government support and investment in BIM, as 
indicated by the research results, forms the basis for developing a framework that ensures the 
necessary actions are taken to improve BIM adoption and implementation in the Saudi 
Arabian construction industry. The impacts of the results of this research on the development 






6.12   SUMMARY OF CHAPTER SIX 
The interviews explored the relevance of BIM to the construction industry in Saudi Arabia 
and looked at the awareness level of various personnel in the industry on BIM, barriers that 
hinder the adoption of BIM, strategies of implementing BIM and the tools that would ensure 
the smooth running of all strategies identified. The findings from the interviews cut across 11 
practising organizations of different sizes that operate in different sectors and work on 
different kinds of projects across the country. The findings identified that the initial cost of 
installing the software and also running costs like training were the main barrier confronting 
the organizations practising in Saudi Arabia. Although the majority of the personnel had 
heard about BIM in the past and also worked on it, the fear of having to change from the old 
ways of doing things posed a considerable barrier to the industry. Furthermore, the 
respondents were of the opinion that BIM brings many benefits to the industry, as practised in 
European countries and America, and so identifying the barriers and the main actors in the 
industry playing their key roles would help the implementation of the Technology.  
However, all the benefits identified with BIM were positive in relation to the construction 
industry and none of the respondents was against the use of BIM on projects in the country. 
They only indicated their fears in adopting the use of the software, but stated that once these 
were addressed, all organizations would adopt the use of BIM on their projects to enjoy the 
benefits it brings to the industry.  
The explorative study identified conferences, workshops, and development of a curriculum 
on BIM as the best tools to help to ensure that BIM is implemented in the construction 
industry in Saudi Arabia. 
The chapter found that 12 strategies can help to ensure that BIM is fully implemented in the 
industry. The majority of these strategies were suggested by the literature and the quantitative 
and qualitative studies, to show the various benefits enjoyed and likely barriers encountered 
and how the latter were resolved by using BIM on previous projects executed both in Saudi 
Arabia and other European countries where BIM is a normal practice, and these strategies 
were suggested as a means of motivating and creating more awareness among clients, 
organizations and also various personnel in the industry. 
The next chapter develops a framework for the industry-wide adoption and implementation of 





CHAPTER SEVEN  
STRATEGIC FRAMEWORK FOR 
IMPLEMENTING BIM IN SAUDI ARABIA 
 
7.1 INTRODUCTION TO CHAPTER SEVEN 
Based on the results of this research discussed in the previous chapters, there is a clear 
indication that Saudi Arabia as a nation can benefit from the proper implementation of BIM 
in its construction industry. To achieve this, there is a need for a strategic approach to BIM 
implementation which will take into consideration the local factors within the nation, 
combined with best practices captured from other countries around the world where BIM 
implementation is at a much more developed level. This aim of this chapter, therefore, is to 
draw together the different elements of the framework identified in the research and to 
develop a strategic framework for BIM adoption and implementation in the Saudi Arabian 
construction industry. The chapter discusses the main issues that are likely to affect the 
adoption and implementation of BIM within the construction industry, steps that can be taken 
to ensure proper implementation, and a strategic framework that forms the blueprint for this 
implementation. The chapter also identifies the key parties in the process and the specific 
roles to be played by these parties. 
The strategic framework is developed as a contribution by this research towards practice. 
Information for developing this framework is taken from all the stages of the research from 
the background issues raised in the introductory chapter to the results gathered from the 
collection of data.   
 
7.2 DEVELOPING A STRATEGY FOR BIM IMPLEMENTATION IN SAUDI 
ARABIA 
Adopting BIM into any construction industry requires a proper strategy which ensures that 
the advantages of BIM can be achieved. As reported in Khosrowshahi and Arayici (2012), 
reaping the benefits of BIM is contingent upon its proper implementation at an organizational 
level and its integration at the construction industry level. To ensure both of these are 





approach is adopted. In developing a strategy for BIM implementation, Arayici et al. (2011) 
suggest the adoption of a socio-cultural view which considers both the implementation of 
technology and a socio-cultural environment that provides the context for its implementation. 
Smith (2014) surveyed BIM implementation in different countries and believes that the social 
context within which BIM is implemented plays an important role in its success. From the 
study by Smith, the critical factors include government and construction industry leadership. 
In addition to factors that will support the adoption of BIM, there is also a need to ensure that 
the framework for BIM implementation is comprehensive enough to cover all the relevant 
issues with its adoption and implementation (Jung and Joo, 2011).  
Jung and Joo (2011) suggested that a strategic framework for BIM implementation should 
cover BIM technology, BIM Perspective and Construction Business Function, as shown in 
Figure 7.1 below. 
 
 
Figure 7.1: Strategic Framework for BIM Implementation 
Source: Jung and Joo (2011) 
 
From Figure 7.1 (above), it can be seen that BIM adoption and implementation do not cover 





strategic framework developed in this chapter considers the Saudi Arabian construction 
industry as the main focus.  
 
7.3 COMPONENTS OF THE STRATEGY FRAMEWORK FOR BIM 
IMPLEMENTATION 
The results of the quantitative research helped to understand the current state of BIM 
adoption in the Saudi Arabian construction industry. From the results of the quantitative 
study, the reasons for current adoption levels as well as the anticipated barriers to BIM 
adoption were identified, and helped in shaping the core of the framework and in particular in 
understanding the general perception of people in the industry and the gaps in their 
understanding of BIM. Based on the results, recommendations for BIM education and 
training were made central to the framework. The outcome of the quantitative research, in 
particular identifying the low level of familiarity with BIM, helped to understand the need to 
improve upon the education of people in relation to BIM. Results from the reasons for the use 
of BIM also indicated that BIM was not a key requirement either by legislation or from 
clients and these were two of the reasons for its low adoption. Based on this, the framework 
made recommendations for government action to make BIM a requirement for construction 
projects.  
The results from the qualitative research also had a considerable impact on the development 
of the framework. From the outcome of the qualitative study, it was identified that the fear of 
adopting BIM due to the training requirements, the lack of technical support and the 
installation costs were all taken into consideration as key areas of the framework. Due to the 
perceived lack of both technical support and qualified personnel, the framework developed 
for BIM adoption and implementation recommends BIM as a key requirement in the training 
and education of construction professionals. Lack of government regulation was also found to 
be one of the main barriers of BIM implementation, according to the results of the qualitative 
research.   The development of the framework took these outcomes into consideration and 
recommended the setting up of a BIM task group to help in the development of legislation 
relevant to the Saudi Arabian construction industry.  
In developing a strategy for BIM implementation in the Saudi Arabian construction industry, 
this research adopted the periodic table for BIM implementation developed by the National 





Foundations, Collaboration, Process, People, Technology, Standards, Enabling Tools, and 
Resources. These areas relate to the ones identified in the analysis of data presented in the 
previous chapter (see section 6.10 for the implications of the findings and key areas 
identified). The choice of the periodic table as the basis for developing the framework for 
BIM implementation in Saudi Arabia was based on the outcome of the research and the links 
between the aim of the research and the elements of the periodic table. From the results of 
this research, it was identified that BIM implementation in Saudi Arabia currently did not 
have a strategic orientation and there was no clear road map to be followed. The qualitative 
research also suggested that the fears of the industry in terms of lack of qualified personnel 
and lack of finances and resources were closely aligned with the provisions of the periodic 
table, which was therefore adapted for this research as it covered the key areas required for 
BIM implementation. Even though this periodic table was designed for company level BIM 
implementation, it contains information that can be adopted and modified for a national level 
strategy.  
7.3.1 A National Strategy for BIM Adoption and Implementation 
To have a strategic approach to BIM implementation, the first step is to define a national 
framework for its implementation which takes into account the main aim for this in the 
country. The framework developed in this chapter is a strategic one, which seeks to make 
clear how the efforts of specific individuals can be allied with the intention of achieving the 
best outcome by covering significant and meaningful sequence of activities and target 
measures which facilitate key efforts to implement the strategy. As in many other countries, 
the construction industry in Saudi Arabia is burdened with issues of project management 
which lead to many projects either not being completed at all, or being completed late, over 
budget, and of poor quality. As discussed in Section 6.8, these problems can be managed or 
controlled to a large extent if there is collaboration and a common environment for the 
sharing and distribution of information during projects. As well as using education and 
training as a tool for BIM adoption (see sections 6.10.3 and 5.3.2), from the study conducted 
it has been identified that BIM adoption and implementation in Saudi Arabia will require the 
setting of targets, the enactment of policy, and the implementation of a body tasked with the 
role of overseeing BIM adoption and implementation. As part of the strategy for this adoption 
and implementation in Saudi Arabia, three main areas are expected to be targeted: BIM 
technology (which focuses on standards, utilization and property), BIM perspective (which 





organizations and project level implementation), and construction business function (which 
should cover all the parties in the construction industry from design professionals to project 
managers and facilities managers). 
7.3.2 Foundations for BIM Adoption and Implementation  
As gathered from the research, the success of BIM implementation in any organization or 
construction industry is dependent on the foundations built to support data production, 
distribution and management of construction information. As BIM is about information 
sharing and management among different professionals in a common environment, the need 
for a strong foundation which supports such activities is a very important one. This requires a 
considerable amount of collaboration in the construction industry, if a strong foundation is to 
be built. From the data gathered by this research, the current approach to information sharing 
in the Saudi Arabian Construction industry is via paper (hard copies of documents), 
computers (emails), or a mixture of the two (see section 6.4). Comparing the means of 
sharing information in the construction industry to other developed countries, the need to 
build a strong foundation for information sharing becomes pre-eminent. Section 6.10.1 also 
suggests that a strong foundation is needed for adopting and implementing BIM. 
As part of the foundation required for successful BIM implementation, there is a need for a 
framework for capturing digital information and exchange flows from the inception of 
projects through to the procurement and construction stages. As discussed by Jong and Joo 
(2011), the essence of having a framework is to “guide research efforts, to enhance 
communications with shared understanding, and to integrate relevant concepts into a 
descriptive or predictive model”. For a national BIM implementation strategy, a practical 
framework is needed in order to set the stage for establishing common goals and enhancing 
processes that can lead to the achievement of such goals. The need for such a framework for 
the Saudi Arabian construction industry will help to set the standards to be met and create a 
platform for auditing and measuring the BIM readiness of the construction industry. This has 
the potential to help in identifying the needs of the construction industry in terms of BIM 
readiness and the kind of interventions required to make the best of BIM implementation.  
One of the keys to implementing BIM is having common methods shared among the 
participants in the construction industry. The adoption of common standards for all the 
stakeholders within the industry will go a long way to ensuring common methods are adopted 





5.4.7). The term “Common Standards” refers to common terminologies which are 
understandable to all parties in the construction industry. For a national level BIM 
implementation, it is very important to have common standards by adopting standards that 
have been developed for such purposes, such as an information delivery manual (IDM) or an 
international framework dictionary (IFD). Findings from the literature suggest that the private 
sector plays a key role in advising the public sector and even the government in developing a 
national BIM application agenda (Bin Zakaria et al., 2013). Similarly, section 5.2.1 of the 
Quantitative Analysis chapter shows that the private sector needs to be involved in 
developing the BIM agenda. 
Information from countries where its implementation is well developed suggests that the 
procurement route has an impact on the success of BIM. Due to the need for change in the 
practices of the parties in a BIM environment, procurement should be taken into account in 
developing a strategy for implementation. A supportive BIM procurement arrangement 
should seek to create a contractual framework that ensures a collaborative arrangement.  
Having a strategy for BIM also requires ensuring that the parties or stakeholders have the 
qualities and skills needed to implement BIM. For an industry-wide implementation of BIM, 
this requires an effort to determine what skill sets are required for BIM implementation 
throughout the construction industry and to ensure that such skills are available through the 
provision of training.  
7.3.3 Collaboration Needed for BIM Implementation 
As mentioned earlier, collaboration for BIM implementation is very important for success. 
The main idea behind BIM is to ensure a common environment where parties can collaborate 
on projects. As discussed by Arayici et al. (2011), the need for collaboration for BIM 
implementation covers both technologies for collaboration and socio-cultural behaviour 
change in the construction industry. This requires a change in management approach that can 
involve all the stakeholders in the construction industry. Successful BIM implementation 
requires the development of an enabling culture where people understand the need to work 
together utilizing digital tools to their advantage. This also requires a change in the processes 
adopted in the construction industry, including procurement methods such as design and 
build, partnering or alliancing, prime type contracting, and private finance initiatives, all of 





From Section 6.10.4, it can be seen that collaboration and communication are key 
requirements in the process of adopting and implementing BIM. The research results reveal 
that the level of collaboration and communication among the parties in the construction 
industry is low and needs to be improved for the purposes of adopting and implementing 
BIM. Collaboration for the purposes of BIM is also made possible by having common 
standards and inter-operable features throughout the construction industry.  
7.3.4 The Need for a Process that Supports BIM Adoption and Implementation  
BIM adoption and implementation is about changes in processes. Changing processes to 
support this adoption and implementation begins by first assessing the current situation as 
well as the needs of the construction industry. As has been captured in this research, current 
processes within the Saudi Arabian construction industry will need to be improved to ensure 
that BIM adoption is successful. For this industry, processes involved in sharing information, 
plans of work and a common data environment are some of the areas that need to be 
improved to ensure a successful BIM implementation. In addition to the improvement in 
these processes, there is a need for a change in information management processes, due to the 
amount of information generated for the purposes of BIM. Just as in other countries, change 
in processes can be made possible with government intervention in the Saudi Arabian 
construction industry. As shown in Table 6.9 (see section 6.8) adopting BIM in Saudi Arabia 
may require the creation of a BIM task group that will oversee the change in processes in the 
construction industry and government, thereby ensuring compliance with changes. Sections 
6.10.3 and 5.4.9 also indicate that currently the country’s construction industry does not have 
the requisite knowhow in terms of skills and the processes involved in implementing BIM. 
This is an area which needs to be improved through education and training of parties in the 
construction industry.  
7.3.5 The Role of People in the Adoption of BIM 
As social and cultural elements play a key role in the implementation of BIM, it is essential to 
ensure that the people involved in the process have the right attitudes towards supporting 
BIM implementation. Just as a change in processes will facilitate BIM implementation, a 
change is needed in the attitude of the people involved (stakeholders) towards ways of doing 
things in the construction industry. This also involves ensuring people are equipped with the 
required skills. As shown in Table 6.9 (see section 6.8), increasing the awareness of people in 
the construction industry and including BIM as part of the curriculum for undergraduate 





need for investment in the construction industry with an emphasis on support for their soft 
skills improvement. As shown in the results in sections 5.3.2 and 5.3.3, the awareness and use 
of BIM by people in the construction industry is very low. A strategy for BIM should 
therefore put people at the forefront of the process and ensure they are equipped with the 
right resources and knowhow.  
Table 5.2 also shows that most of the participants who could help promote BIM related 
practices in construction companies are Project Managers and Directors. According to section 
5.2.3, they are the key players in the KSA construction industry. 
7.3.6 Technology Required for Adopting and Implementing BIM 
The general notion of BIM is that of a new technology. In terms of technology for BIM 
adoption and implementation, there should be an investment in BIM related software and 
hardware, as well as infrastructure. Changing current processes in the Saudi Arabian 
construction industry to implement BIM requires investment in technology as well as training 
people to become conversant with the use of such technologies. A major part of the 
technology requirements for BIM implementation is the development of infrastructure at the 
national level or by the key players in the industry, which will have the capacity to store the 
large amounts of data (information) generated through the process. Ensuring effective 
communication between several devices is an importance part of the success of BIM 
implementation.  
7.3.7 Standardization of Processes Within the Industry  
As mentioned earlier, standardization is an integral part of BIM adoption and implementation 
and should be considered in developing a BIM strategy. Standardizing and adopting 
standardized methods of producing building information greatly help in the implementation 
of BIM in the construction industry. Standardized library objectives for architects and 
designers, standardized procurement routes, standardized protocols for collaborative working, 
and standard design management systems are some of the key requirements in this regard. In 
other words, for the construction industry to improve and be in a good position to adopt BIM, 
standardization should be a key requirement.  In terms of standardization, it is important for 
the industry to have common terms and reference libraries that can serve as a common source 
of information for all the key players in the industry.  The use of standard reference libraries 
and reference points also provides a common means of communication between all parties 





7.3.8 Enabling Tools That Support BIM Adoption and Implementation 
In terms of tools for the successful implementation of BIM, the Saudi Arabian construction 
industry needs to be supported by enabling tools, which will ensure the industry has the 
capability to implement BIM. This includes the availability of BIM toolkits on projects that 
will ensure clear roles are marked and identified as well as providing help to manage 
responsibilities. These tool kits are expected to serve as a source of information for the parties 
in the industry who will be involved in BIM implementation. Enabling tools include analysis 
tools, costing tools, tools for reviewing and checking BIM models, tools for producing 
specifications and authoring tools for generating data for multiple users. These tools form 
part of the key areas that require investment, as discussed in section 7.3.6 regarding 
technology required for BIM implementation. 
7.3.9 Resources to Support BIM Adoption and Implementation 
One of the requirements for effective BIM implementation is the availability and the use of 
resources from different means, including BIM users from around the world. Survey reports 
from different countries and projects, and communities of practice and social media serve as 
good resources to help different groups to make the best of their BIM implementation plans.  
In the case of the KSA construction industry, there is an advantage in obtaining resources 
from other industries or countries where BIM adoption and implementation is at an advanced 
stage. Such resources are likely to help in providing answers to many of the questions that 
might arise in the implementation of BIM in the construction industry. These resources can 
also serve as part of the strategy for BIM education for stakeholders within the construction 
industry. Communities of practice, from online users to recognised bodies all over the world, 
can be contacted for practical problem-solving and experience in terms of BIM 
implementation. The framework should ensure the availability of such resources which will 
have a positive influence on the rate of adoption and the extent to which benefits can be 
achieved. 
7.4 A STRATEGIC FRAMEWORK FOR BIM IMPLEMENTATION IN THE SAUDI 
ARABIAN CONSTRUCTION INDUSTRY 
From the discussion above, it has been identified that implementing BIM in the Saudi 
Arabian construction industry requires an effort by all the stakeholders in the industry, 
including the government, with investment in people, processes and technology.  Based on 
the results of this research and information from the NBS periodic table of BIM 





Saudi Arabia has been developed as the contribution of this research.  This section provides 
the framework for BIM implementation followed by instructions on how this can be 
effectively implemented.  
In developing the framework for implementing an industry level strategy for adopting BIM, 
the results of this research were taken into consideration. This covered key areas such as: the 
level of BIM awareness within the construction industry; current information-sharing 
practices within the construction industry; fears about implementing BIM; barriers to the 
implementation of BIM; and strategies for adopting BIM in the Saudi Arabian construction 
industry based on the nature of the industry. 
The national framework developed for the adoption and implementation of BIM is shown in 






Figure 7.2: A Framework for Implementing BIM in the Saudi Arabian Construction Industry
7.4.1 Key Groups in the Implementation of the Strategy 
As shown at the beginning of this research (see Chapter 2), the Saudi Arabian construction 
industry is burdened with issues of projects not meeting the success criteria in relation to 
time, quality and cost, and it is the nature of the industry that has largely contributed to this. 
In order to establish a national strategy for BIM adoption and implementation, three key 
groups are identified: government, the construction industry and educational institutions.  
7.4.1.1 Government 
Setting a national agenda for BIM implementation begins with the willingness of the 
government to have an impact on the construction industry. Government influence comes in 
three main areas: setting up a national agenda for BIM, developing a BIM Task Group, and 
investing in BIM for the benefit of the construction industry. The government therefore needs 
to set up a Task Group for BIM implementation by liaising with the construction industry and 
even partnering with personnel from other countries with experience in BIM implementation. 
The purpose of the Task Group is to ensure that a clear pathway and agenda for BIM is 
developed for the construction industry. This will help in laying the foundation for the 
national adoption and implementation of BIM. The BIM Task Group will set the agenda and 
develop timelines for achieving key milestones. The group will also be responsible for 
measuring the performance of the construction industry in terms of BIM implementation and 
meeting of the targets. As part of the performance measurement, the BIM Task Group will 
also seek to identify the challenges to the implementation of BIM within the construction 
industry. Identifying the challenges will require partnering with educational and research 
institutions to investigate issues. 
 The government needs to enact legislation where appropriate, with the resources required for 
enforcing such legislation. Section 5.3.4 indicates that the use of BIM is not a key 
requirement for awarding contracts and executing projects in the Kingdom of Saudi Arabia. 
Therefore, in order to encourage its application in the construction industry, the government 
should make it a key requirement for awarding its contracts. As in countries with an advanced 
status in BIM implementation, setting up this legislation will help in standardizing practices 
and processes within the construction industry and will push construction companies as well 
as all other parties in the process to adhere to standards or common practice. As identified 
from the analysis of data, the lack of legislation is one of the challenges to BIM adoption and 





The third mandate for government in line with the BIM strategy is the investment required in 
order to ensure a good foundation is developed and laid out for BIM adoption and 
implementation. Due to the level of investment required, government can play a huge role by 
supporting the construction industry with investment in the form of technology, resources and 
tools. Investment would also be required in the form of empowering people in the 
construction industry. Investment in these areas would help to lay a good foundation for the 
construction industry to be able to adopt and implement BIM.  
7.4.1.2 Construction Organizations 
In line with the adoption and implementation of BIM in the construction industry, 
construction organizations would be at the forefront of the process. This is because the 
construction industry would be the users and adopters of BIM. As part of their role, 
construction industry personnel would be required to make investments in the form of BIM 
technologies, tools and other resources. The construction industry would also be required to 
adopt new and modern ways of doing things through better collaboration and communication 
among all the parties in the industry. Better processes of design, procurement, and 
constructing buildings should be adopted. The construction industry also needs to present 
construction clients with the idea of BIM and its benefits for the industry. Doing this requires 
training and education of the people within the construction industry about the benefits of 
implementing BIM. Findings from the quantitative study (see section 5.3.1) show that there is 
little awareness of the benefits of adopting BIM and the benefits at different maturity levels. 
This training and education would prevent them from remaining stagnant at whatever level 
they are currently at. Some participants in the study did not know the difference between the 
various maturity levels, let alone the benefits. Having the required knowledge and knowhow 
would help the construction industry also to pass on this information to their clients.  The 
industry would also be able to invest in training their personnel by organising BIM 
workshops and conferences, together with the assistance of educational and research 
institutions, to help improve the awareness of parties in the construction industry.  
The construction industry is also seen as the agent of change in this regard. Implementing 
BIM requires changes in the ways in which the construction industry approaches construction 
processes, from design, through procurement, to construction and even management of 
constructed assets. The need for a cultural change in the construction industry will only be 





7.4.1.3 Educational Institutions 
Educational and research institutions will play a key role in the process of adopting and 
implementing BIM in the Saudi Arabian construction industry.  The key roles of the 
educational institutions can be divided into two main areas: educating and training the 
construction industry in relation to the importance of BIM, the processes involved and best 
practices; and research into the performance of the construction industry and identification of 
bottlenecks or barriers to implementation. 
As part of the foundation for adopting BIM in the Saudi Arabian construction industry, 
educational institutions can play a key role in improving the construction industry’s 
awareness of BIM by organising educational workshops together with construction industry 
personnel on the importance of BIM as well as ways to implement and manage BIM projects. 
The educational institutions can also incorporate BIM subjects and relevant modules – such 
as construction procurement routes, use of CAD and other inter-operable software – into the 
training of students who will become professionals in the industry. The introduction of BIM 
into the curricula of construction-related courses will help to ensure graduates are prepared 
for a construction industry with a BIM focus.   Education can also focus on best practices and 
alternative processes that can help support BIM implementation with an emphasis on the 
characteristics of the construction industry.  
The second role of educational and research institutions will be to research into the 
performance of the construction industry by periodically developing research agenda for the 
industry.  This will also involve research into barriers to the adoption and implementation of 
BIM. To ensure the educational institutions achieve this, investment will also be required 
from both government and the construction industry, who will support the educational and 
research institutions with the funds required to pursue such research. 
As reported in the literature review, Arayici et al. (2011) observed that clients are placing 
increasing pressure on different professionals in the industry to adopt and implement BIM for 
their projects. Therefore, all the professions need to be trained and educated about the BIM 
tools and their application. Furthermore, findings from the quantitative study also showed 
that there is a lack of skilled BIM personnel in the Saudi construction industry (see section 







7.5 GUIDELINES FOR IMPLEMENTING A NATIONAL BIM STRATEGY FOR 
THE SAUDI ARABIAN CONSTRUCTION INDUSTRY 
To implement the framework for a construction industry-wide BIM adoption in Saudi Arabia 
as shown in Figure 7.2, nine key steps must be taken. Table 7.1 below details guidelines for 
ensuring that the implementation of the framework can lead to the required results. 
 
Table 7.1: Guidelines for Implementing a National Strategy for BIM Adoption in Saudi 
Arabia 




1. Develop BIM Task 
Group 
 Set National 
Agenda for BIM 
 Set goals to be 
achieved 
 Enact relevant 
legislation 
 
Setting up a BIM Task Group which will have the mandate to set 
the national level agenda. As part of the agenda for BIM 
implementation, goals will need to be defined for the national 
implementation of BIM with timelines for when such goals or 
targets should be met. Subsequently, formulating a national 
agenda for construction industry-wide BIM implementation 
requires setting goals (targets) and time scales for achieving such 
targets. This requires having a system in place to monitor and 
measure such targets, and to make interventions when needed. 
The BIM Task Group will be in charge of the diverging swerving 
the goals in consultation with the construction industry and the 
educational institutions. Based on the outcome of this research, 
the national strategy will require legislative backing which can 
influence the larger industry. Just as government legislation has 
had an impact in other countries, it is expected that legislation 
will drive the change. The members of the BIM Task Group 
would be drawn from the industry, construction professional 
bodies, and academics from educational institutions, lawmakers 
and government representatives.  
2. Set Foundation for 










The second step to a successful BIM implementation in the Saudi 
Construction industry will be the need to set the foundation for 
BIM adoption. Besides setting targets and enacting legislation, 
there is also a need to ensure a solid foundation to provide the 
basic requirements for BIM. The essence of the foundation is to 
ensure there is a change in the construction industry in terms of 
behaviours of people, and change in practices as well as 
processes. For the purposes of a national level BIM 
implementation, there should be a national framework which sets 
the common agenda. As part of the foundation, it is necessary to 
ensure that the construction industry is ready to adopt BIM. The 
foundation for BIM should ensure there are systems in place that 
support information-sharing, and promote collaboration, 
improved processes and common methods across the 
construction industry.  
Achieving this foundation requires a cultural change in the 





3. Cultural Change  
 Practices 
 People 
BIM implementation and adoption require change in terms of the 
practices of the construction industry and the attitudes of people 
within it. In this regard, change in practices should target design 
and procurement practices. The current practices within the 
Saudi construction industry will require change to ensure BIM 
implementation can be supported. Key areas that require change 
include the design and procurement of projects. As captured in 
countries where BIM implementation is advanced, changing the 
basis for forming construction contracts can help create the 
foundation for adoption. Collaborative procurement methods 
such as partnering and integrated project delivery will help BIM 
implementation. 
Another area for change is the behaviour of people within the 
construction industry, which can adopt BIM and benefit from it if 
the people (major players) have the right attitude, which includes 
an attitude of collaboration where people are willing to work 
together on projects, sharing information and collaborating with 
other professionals. The success of BIM relies to a large extent 
on the willingness of people to do this. Changing practices and 
people’s attitudes require legislation and education. Change in 
attitudes towards collaborative working and change in style of 




The change required in the construction industry will (in terms of 
practices and attitudes) require education. Education for the 
purposes of BIM adoption and implementation should seek to 
ensure that all the stakeholders understand the need for change. 
Education should promote awareness of the construction industry 
players of practices that support BIM implementation as well as 
the benefits they will gain from this. This research has found that 
the current understanding of BIM is not very advanced, and some 
of the construction industry players and education can help to 
enhance this. Education should also seek to guide people on the 
need for collaboration and improved ways of communication 
within the construction industry.  
Education should be provided by the educational institutions to 
industry personnel and BIM should be included in the curriculum 
for training the construction professionals. Education for the 
purposes of BIM should also ensure that new professionals are 
trained and equipped with the knowledge and skills required for 
successfully implementing BIM by adopting new practices. 





 Tools  
 Resources 
Creating a foundation for BIM adoption also requires investment. 
This investment is expected to improve the readiness of the 
construction industry in terms of required technologies, tools and 
resources that can help BIM implementation. Due to the level of 
investment required, construction industry-wide support is 
required, so as to enable and empower companies. Investment in 
technology refers to having the infrastructure in place to support 
BIM implementation as well as investment in the enabling tools 
which are required, such as BIM toolkits, costing tools and 





ensuring that people are trained to have the knowhow for using 
such technologies. Section 5.3.3 shows that there is very low 
usage or experience with BIM tools and their applications in the 
KSA construction industry, and this is also associated with the 
low awareness. Therefore, there is a need for significant training 
and awareness creation in relation to the BIM tools and 
technologies. 
6. Implementation of 
BIM 
Implementation of BIM on projects will work best once a good 
foundation has been established, common standards developed, 
and a construction industry-wide perspective developed. As in 
other countries’ construction industries (such as in the UK where 
BIM is advanced), implementation on a construction industry 
scale will help lead to transformation. Implementation should 
focus on achieving the correctly defined targets and goals. BIM 
implementation in Saudi Arabia should also consider making 
BIM practice mandatory through government legislation (starting 





There is a need to have in place a system for measuring the 
performance of the construction industry in terms of BIM 
adoption and implementation.  There should be a periodic 
measurement of the performance through strong practical 
research at least once every five years to determine how well the 
industry is responding to the adoption of BIM.  This should 
concentrate on the changes brought about in the construction 
industry as a result of BIM adoption and implementation. A 
timescale for performance measurement should be designed 
based on the goals for the national strategy. This will help to 
identify any challenges with the strategy and identify methods 
for overcoming those challenges. The performance measurement 
system should also consider how well the adoption of BIM has 
impacted on the performance of projects in terms of project 
delivery time, cost, quality, minimizing and resolving disputes, 
and health and safety, among others. 
8. Identify and 
Address 
Challenges: 
 Barriers to BIM 
adoption 
As identified from this research, a number of challenges are 
likely to occur due to the current nature and level of the Saudi 
Arabian construction industry. Barriers such as costs, lack of 
regulation, lack of manpower, fear of change, and team culture 
need to be overcome to ensure better performance. The barriers 
and challenges can be identified and addressed through research 
as part of the system for developing the foundation for BIM and 
through a periodic review of the BIM agenda. 
9. Review of National 
Strategy 
The final stage of the national strategy for implementing BIM in 
the construction industry of Saudi Arabia is a periodic review of 
the strategy based on the performance of the construction 
industry and the challenges or barriers faced. This helps to 
inform the strategy by setting more realistic time-lines and 
finding solutions to the problems. The review will be carried out 






As has been shown in the implementation plan, BIM adoption in Saudi Arabia is possible if 
the correct measures are put in place. With reference to Jung and Joo (2011), the developed 
framework and its implementation should ensure that the construction industry as a whole 
benefits from the strategy, and these benefits can then trickle down to organizations and 
individual projects. The parties required for implementing the framework and their key roles 
have been presented in section 7.3 of this chapter. The framework will be owned by the 
government and implemented by the BIM Task Group set up by the government. 
In implementing this strategy, there is a need to acknowledge that issues are likely to come 
up. There should therefore be an attempt to identify these issues with implementation ahead 
of time and to put in place measures to ensure that such issues are corrected using the 
appropriate approaches. 
 
7.6 SUMMARY OF CHAPTER SEVEN 
As indicated in the introduction to this chapter, the chapter set out to develop a strategy for 
adopting and implementing BIM within the Saudi Arabian construction industry. The 
development of the framework has come about as a result of the research undertaken over a 
period of three years. This strategic framework therefore serves as a practical contribution by 
this research to the construction industry. In developing the framework, this research 
considered the results of the research as well as the published best practices from other 
countries where BIM adoption in the construction industry is more advanced. Moreover, the 
NBS periodic table for BIM implementation was reviewed and considered in developing the 
strategic framework and the implementation guide for ensuring the framework would meet its 
intended goals. The results captured from both the quantitative and qualitative data analysed 
for this research provided the basis for ensuring the strategy developed is fit for the KSA 
construction industry. This is because the data presented issues specific to KSA in terms of 
awareness, adoption and benefits, and the barriers to the implementation of BIM in the Saudi 
construction industry. 
From the framework developed, it can be ascertained that BIM implementation within the 
Saudi construction industry requires a holistic approach, with efforts from the government as 
well as from all the stakeholders within the industry. The key requirements for BIM adoption 





implementation and which targets the transformation in the process and practices in the 
construction industry; education of the professionals in the construction industry on the need 
for collaboration and new means of communicating construction information;   education of 
all stakeholders in the construction industry on the awareness and benefits of BIM; and a 
construction industry focus in terms of implementation. The implementation guide provided 
in this chapter is intended to serve as a means to help policy makers and parties (the Task 
Group) in charge of ensuring BIM adoption and implementation in the Saudi Arabian 
construction industry. From the guide and the framework developed, it is expected that BIM 
adoption in the Saudi construction industry can be successful, based on the right policies, and 























8.1 INTRODUCTION TO CHAPTER EIGHT 
The previous chapter of the study presented the outcomes from the research findings together 
with an integrated framework to guide the implementation of building information modelling 
(BIM) in Saudi Arabia’s construction industry to enhance the industry’s performance. 
Nevertheless, the extent to which the findings of the research can be relied upon depends 
greatly on the validity of the processes that were used.  
8.2 RESEARCH VALIDITY 
Research findings help to provide procedures which can be used to enhance the measures that 
already exist. However, it is of great importance to establish the validity of the findings, in 
order to ensure that the anticipated improvement of processes can be consistently achieved 
when the outcomes of the research are put into practice. Validation is seen as the method for 
evaluating the gradation by which a measure accurately represents what it justifies or is 
expected to quantify (Hair et al., 2010). Nevertheless, the validation process is not limited to 
establishing the validity of the research findings but is also used for validating the research 
design (Brewer, 2000). From the above explanation of research validity, four aspects of 
validity need to be recognised for a validation process to be considered successful (Cook and 
Campbell, 1979; Shadish et al., 2002). The aspects are: - 
1. Validity of research constructs  
2. Validity of statistical findings  
3. External validity  
4. Internal validity  
The validity of the concepts and the statistical findings in this research study has been 





also been discussed in the previous chapters. This chapter of the study therefore focuses on 
the external and internal validation aspects. 
8.3 EXTERNAL VALIDATION 
The main purpose of external validation is to gain self-confidence in the research findings 
and what they represent.  This helps to enhance the robustness of the research and also to 
generalise the findings regardless of the settings and research method used (Shadish et al., 
2002; Fellows and Liu, 2008: Bashir, 2013).  External validation is further divided into: 
replication, convergence analysis and boundary search.  
8.3.1 Replication  
This involves re-examining a research process using the same procedures (experimental, 
conceptual and theories), instruments, research design and research strategy to obtain the 
same results (Rosenthal and Rosnow 1991). This process is also seen as a reliability test for 
the research (Kerlinger and Lee 2000). However, a number of constraints in terms of logistics 
are associated with repeating the research process involved with social research and it is also 
difficult to achieve an exact replication because two occasions can never be the same. Thus, 
in practice replication is hardly used (Brinberg and McGrath 1985; Ankrah 2007; Bashir, 
2013). For this study, based on the logistical problems of repeating the survey, it was 
unrealistic to expect that the same particular respondents would be willing to complete the 
same survey again, considering the efforts it took in the first place to enable the respondents 
to see the reasons why their response was important to the outcome of the study and also the 
comprehensiveness of the survey instrument used. The survey instrument used was developed 
and piloted to certify that data collected from the study were reliable. 
8.3.2 Boundary Search  
Boundary search is also referred to as discriminant validity and helps to identify the 
limits/boundaries associated with a particular piece of research, according to Brinberg and 
McGrath (1985) and Rosenthal and Rosnow (1991), who were further of the opinion that it is 
usually rare to find a research study extending beyond replication and convergence analysis. 
For this research study, boundary search was not adopted, due to the constraints, mainly of 
time and cost, on achieving the aim of this research study. However, convergence analysis 





8.3.3 Convergence Analysis 
Convergence analysis comes into play when different research methodologies have been used 
to establish agreement from research findings. This type of analysis also helps in assessing 
the robustness of a piece of research (Ankrah 2007; Denzin 2009). In this research study, 
both quantitative and qualitative methods were used in order to discover significant 
agreement between the research findings. 
Convergence validation can be achieved by a process called respondent validation, which 
usually involves the use of participants’ opinions to authenticate the validity of the research 
outcome (Silverman 2006; Creswell 2009). The convergence analysis approach has been 
considered a feature of good research and has been adopted previously on construction 
management research (Hari et al., 2005; Ankrah 2007; Anvuur, 2008; Tuuli 2009; Manu 
2012).  In the case of this research, it was possible to conduct a follow-up interview with the 
respondents, so as to authenticate the research findings (Phua 2004). This approach was 
therefore adopted in this study, using professionals in Saudi Arabia’s construction industry. 
This structured interview contained questions that would help to authenticate the validity of 
the findings from the research and the significance of a developed framework for the 
country’s construction industry.  
Participants chosen for the convergence validation had partaken in both the quantitative and 
qualitative research conducted. They had indicated their interest in the findings of the 
research study and also in participating in subsequent stages of the research. A total of 10 
professionals from the Saudi Arabia construction industry were therefore invited to take part 
in the validation process. Questions from the interview and framework were sent with the 
invitation and there was a follow-up via phone calls. 
8.4 RESULTS OF RESPONDENT VALIDATION  
Interviews were conducted with 10 professionals practising in the Saudi Arabian construction 
industry. These professionals, as mentioned in Chapter 6, were: Infrastructure Development 
Engineer (R1), Educationist and Consultant in BIM (R2), Planning and Architectural 
Engineer (R3), Industrial Project and BIM Consultant (R4), Architectural Engineer (R5), 
Commercial Sector  Development Engineer (R6), Educationist and Project Manager (R7), 
Mechanical Electrical Plumbing Engineer (R8), Real Estate Development Engineer (R9), 
Project Manager (R10), Project Manager at the Ministry of Education Works Department 





Arabia, with more working in the private sector. This indicates the dominance of the private 
sector in the construction industry. The operating sector of the professionals practising in 
Saudi Arabia and their years of experience places them in the best position to give a first-
hand opinion to be used for the validation of the research findings.  
The feedback on the validity of the findings of the research framework as shown below 
indicates that the framework is valid due to the respondents. As regards understanding how 
the framework of the research should work, 3 of the respondents agreed that it was valid 
while the remaining 7 of the respondents strongly agreed that it was valid.  The relevance of 
the framework to the construction industry in Saudi Arabia was also attested to by the 
respondents, 2 of whom averagely agreed that the relevance of the framework was valid, and 
4 agreed it was valid, while the remaining 4 strongly agreed that it was valid. Judging from 
the validity of the relevance of the framework, 4 respondents strongly agreed on the validity 
of the framework and that it can be implemented in the Saudi Arabia construction industry, 4 
respondents agreed that the framework is valid to be implemented while 1 of the respondents 
averagely agreed on the validity of the framework. 
On the comprehensiveness of the framework in facilitating the implementation of BIM in the 
Saudi Arabian construction industry, 8 of the 10 respondents agreed that the framework was 
valid while the remaining 2 respondents strongly agreed that the framework was valid in 
facilitating the implementation of BIM.  
With regards to the comprehensiveness of the framework, it was also validated by the 
respondents as contributing significantly to the smooth take-up of BIM in the Saudi Arabian 
construction industry. Out of the 10 respondents, 7 strongly agreed that the framework was 
valid while 3 respondents agreed that the framework was valid, for the smooth take-up of 
BIM in Saudi Arabia’s construction industry. From Table 8.1 the output of the feedback from 



















4- Agree 5-  
Strongly 
Agree 
1- I understand how the 
framework should work. 
0 0 0 3 7 
2- The framework is 
relevant to the Saudi 
Arabian construction 
industry. 
0 0 2 4 4 
3- The framework can be 
implemented in the Saudi 
construction industry. 
0 0 1 5 4 
4- The framework is very 
comprehensive in 
facilitating the 
implementation of BIM 
in the KSA. 
0 0 0 8 2 
5- Implementation of the 
framework will 
contribute significantly 
to the smooth take-up of 
BIM in the Saudi 
construction industry. 
0 0 0 3 7 
 
Respondents made some observations about the framework and suggested things to be done 
to improve its validity for the study. The observations of the respondents were: 
“There is no starting point for the framework” [R1] 
“Action should be in one direction not two at some points” [R2] 
“Change the arrow from educational institutions to construction companies to an influence 
arrow instead of an action arrow” [R3] 
“There is a need to have a loop showing “end and restart” [R4] 
“Use signs to indicate start, end and restarting points” [R5] 
“The 4 large boxes should be in different colours from the colours used in the framework 
since they are only providing additional information for users” [R6] 
“Use the keys to state what the different colours in the framework represent” [R7] 





The suggestion made by R1 enabled the framework to have a starting point,  that of R2 
ensured that all actions in the framework would be in single directions and that of R3 has 
been reflected in the final framework developed for the study in Chapter 7. R4’s suggestion 
of a loop has been created in the final framework, as has R5’s suggestion, and all colours 
have been changed as suggested by R6. Information was added to show what each colour 
stands for in the key section, as suggested by R7, and all arrows are now placed and 
directions are clearly defined, as suggested by R8. 
8.4.1 Matters Which the Proposed Framework Fails to Take into Account  
Respondents raised some valid points on areas which the framework did not take into 
account: 
“Solid indicators to be measured by authorities and minimizing the period between 
measurements.” [R2] 
“The government should implement BIM in mega projects then make recommendations about 
these projects and then make an Arabic standardization to implement BIM because using the  
Arabic language is easier.” [R3] 
“I think we need to consider the evaluation of BIM technology and the free BIM 
applications.” [R4] 
“Even though the study is about BIM in construction, it is good to clarify the importance and 
advantages of BIM to the owner and designer at a glance.” [R5] 
“Clarify what the current situation of the Saudi construction sector is without the use of 
BIM.” [R6] 
“The current [universities and training institutes] are not enough or suitable for the 
deployment of BIM training. You need a special, non-profit national centre for BIM.” [R7] 
8.4.2 Feedback on Potential Benefits from The Framework Developed 
Validating a framework used for a study is of great importance to the study.  It is also 
essential to find out the potential benefits of the framework to the industry where it will be 
applied. To achieve this, respondents were asked about the benefits of the framework to 
Saudi Arabia’s construction industry. Out of the 10 respondents, 9 indicated that there were 
potential benefits, while one indicated otherwise.  





“The success is shared between government, construction companies and educational 
institutes and touches in depth the Saudi environment.” [R2] 
“Expand the BIM culture and it is good that the government is the leader to implement BIM 
because some people thought the government has limited possibilities.” [R3] 
“Will set up a clear road for building industry to implement BIM.” [R4] 
“Good clear strategy to apply BIM in Saudi construction sector.” [R5] 
“BIM contributes to greater synergy between the components of the construction cycle 
(owner, designer and contractor).” [R6] 
“BIM contributes to reducing cost and time in addition to improving safety in construction.” 
[R7] 
“Availability of implementation if improved as follows.” [R9] 
“Combine the public and private sector to use BIM and [see] how they collaborate.” [R10]. 
 
8.5 SUMMARY OF CHAPTER EIGHT 
The chapter presented the process taken to validate the findings of the study through the use 
of external and internal methods of research validity. The external method of research 
validity was carried out via the convergence analysis approach, using respondents’ validation. 
Interviews were conducted with 10 professionals in the Saudi Arabian construction industry 
to validate the findings of the research study and also assess the benefits and relevance of the 
proposed framework to the industry. The respondents were in agreement with the research 
findings and were of the opinion that the framework could help in the integration of BIM in 
the Saudi Arabia construction industry to enhance performance in construction projects. The 
respondents made some suggestions that were of help in improving the framework. 
Internal validation of the study was established based on agreement between previous studies 
and the findings from the research study and also through academic validation drawn from 
the research publications and posters. 
Having validated the findings of the research study, the sixth objective of the study which 
was to develop and validate strategies/a framework for adopting and implementing BIM in the 






FINDINGS, CONCLUSIONS AND 
RECOMMENDATIONS 
 
9.1 INTRODUCTION TO CHAPTER NINE 
This chapter presents the findings, conclusions and recommendations drawn from the entire 
research. It begins with a brief discussion on the rationale of the research, followed by a 
summary of how the key research aim and objectives were achieved in the study. Finally, 
recommendations to practitioners and policy makers are made. 
9.2 RATIONALE OF THE RESEARCH 
The construction sector, which is a major industry player in the Kingdom of Saudi Arabia, is 
currently facing an unprecedented boom due to the country’s move to develop the 
infrastructure and tourism industry, as a means of reducing its dependence on the oil sector. 
However, the Saudi Arabian construction industry was found to be slow in adopting new 
innovative technologies in comparison to other industrial sectors. As such, the industry is 
faced with inherent problems such as poor project management, design mistakes and 
discrepancies, delays in execution of work, design change orders, lack of collaboration 
among project participants and poor site management. In order to tackle these problems, 
innovative solutions need to be found. 
Building Information Modelling (BIM) is an innovative technology considered globally to 
have a positive impact on the successful delivery of projects on time, within the stipulated 
budget and to the right specification. This is possible due to its in-built object-oriented, 
intelligent and parametric information system that shows a detailed and complete replication 
of a building in three dimensional (3D) formats, which permits all stakeholders in the built 
environment to team up more efficiently and accurately throughout the life cycle of a 
construction project. Consequently, higher profits, greater precision, better quality and a safer 
working environment have been achieved in developed nations due to the application of BIM. 
Unlike the developed world, in Saudi Arabia there is no empirical evidence that shows how 
BIM has been successfully applied in the country’s construction industry. Furthermore, the 





adoption of BIM in this industry. It is against this background that this study employed both 
quantitative and qualitative research methods in order to evaluate the extent of BIM usage in 
the Kingdom of Saudi Arabia and identify the inherent barriers that affect its full usage. 
Based on the outcome from the study, a strategic framework was developed to serve as a 
guide for the adoption of BIM in the Saudi Arabian construction industry. 
9.3 ACHIEVEMENT OF THE RESEARCH AIM AND OBJECTIVES   
This research has achieved its aim of studying the extent of the use of BIM in the Saudi 
Arabian construction industry and the barriers to its full adoption in the industry. This 
achievement is explained in detail in Chapters 3, 5 and 6 of this study. Furthermore, the 
research has produced a framework that could facilitate the smooth and successful adoption 
of BIM in the Kingdom of Saudi Arabia and Chapter 7 explained this framework.  
In undertaking this study, the research problem has influenced the methodology adopted, the 
data collection techniques employed and the type of analysis suitable for achieving a reliable 
and valid result. These choices have facilitated the achievement of the objectives in this 
study. The research objectives are restated below, to highlight the extent to which they were 
achieved throughout the phases of the research.  
9.3.1 Objective Number One 
The first objective was to identify the functionalities, implementation, advantages and 
disadvantages of BIM. To satisfy this objective, an in-depth review of literature was 
conducted in Chapters 2 and 3 where the major functions or purpose, and the advantages and 
disadvantages of BIM, were clearly identified. From the reviewed literature, it was seen that 
the major drive behind the use of BIM in the construction industry is to improve inter-
operability and collaboration among the stakeholders in the construction industry so as to 
produce the best quality design while optimising cost and minimising the time of project 
delivery. BIM provides several advantages such as:  
 How the contractor’s requirements can be programmed and captured in early design 
phases 
 How the design alternatives would affect the structure and embodied energy  
 How engineers and professionals would collaborate during the project processes 





BIM affects these processes and phases intelligently and further improves on those processes 
as it has the capability to check for design errors. Beyond its 3D properties, BIM presents 
added advantages, such as cost estimating, scheduling or programming, facility management 
related information, and sustainability. In other words, BIM has the advantage of 
incorporating all the intricacies involved in the three major phases of a project lifecycle: 
design, construction and management. This multi-functionality and advantages of BIM in 
tackling and improving all aspects of the construction industry has helped BIM to gain 
popularity in various developed countries such as the United States, United Kingdom and 
Germany. The rapid implementation of BIM in these countries has been attributed to a 
functioning governmental policy to increase productivity in construction, minimize 
construction waste resulting from design and management flaws, improve collaboration and 
communication among project stakeholders, and enhance technology and educational 
institutions through the promotion of innovative ideas. However, BIM also presents some 
barriers, such as the high cost of software, lack of experts, legal issues, and incompatibility 
with partners. 
 In developing countries, this new paradigm has only recently started to be implemented, with 
UAE, South Korea, Singapore and China at the forefront. However, there is lack of empirical 
data on BIM awareness and application in the Saudi Arabian construction industry. Against 
this backdrop, the present study adopted scientific approaches to investigate the awareness, 
application, benefits, barriers and the drivers that could facilitate the adoption of BIM in the 
Saudi Arabian construction industry.  
9.3.2 Objective Number Two 
The second objective, which was to study the awareness of BIM in the Saudi Arabian 
construction industry, was satisfied through the quantitative and qualitative analyses of data 
obtained from the major stakeholders in the Saudi Arabian construction industries. The 
findings are summarized below:  
9.3.2.1 Findings from the Quantitative Study 
The use of mixed method of research is believed to be plausible in developing both 
quantifiable and comprehensive outcomes. Thus, this study considered the benefits 
mentioned and employed both methods. Chapter 5 presented the findings from the 
quantitative study conducted with experienced professionals who work in both private and 





reliable answers to the questions on BIM in the Saudi Arabian construction sector. From the 
survey conducted using 224 respondents, 17% of the entire sample sizes were not aware of 
BIM, while over 80% indicated different levels of BIM awareness and usage. Nonetheless, 
the overall result indicated that the level of awareness and familiarity of BIM was quite low 
in the Saudi Arabian construction industry. This finding is in accordance with the literature 
published after the data collected for this research study, which clearly stated that BIM is in 
its immature stage in the Saudi Arabian construction industry but is emerging to some extent. 
This situation could be ameliorated by developing a framework that would help professionals 
in the built environment to enlighten and guide other construction stakeholders on the 
benefits of employing BIM to deliver projects.  
In an attempt to obtain further information on the levels of BIM awareness across and within 
the different organizations sampled in this study, the research cross-tabulated four levels of 
BIM awareness within the different organizations surveyed. The results showed that majority 
of the respondents who are fairly familiar with the use of BIM are working with consultants 
and the contractor organizations. In terms of their specific roles, these respondents are mostly 
Project Managers, Civil Engineers, and Directors. This result also indicates that BIM 
awareness is very low in the Saudi Arabian construction industry and that therefore the 
training of personnel on the advantages of BIM and the processes involved in its adoption 
will be essential.   
To further accentuate the results on the awareness of BIM within the KSA construction 
Industry, the study undertook a correlation test using the Kendall’s correlation coefficient, 
and the test revealed a high correlation between the years of working experience, high 
qualifications, and age group with awareness of BIM in the Saudi Arabian construction 
industry, which means that the higher these variables were, the higher the level of awareness 
of BIM. 
9.3.2.2 Findings from the Qualitative Study on the Awareness of BIM 
Chapter 6 presented the findings from the qualitative study conducted using semi-structured 
interviews. These interviews were conducted among construction professionals operating on 
various projects in some selected organizations.  These personnel are deeply involved in 
sharing information on projects in their respective organizations. 
On average, the interviewees have some degree of awareness and understanding of the 





majority of the interviewees are aware of the benefits of BIM to construction, most have 
never had any training in its use. However, four of the interviewees have undertaken such 
training for the use of BIM processes, its technology and softwares, and are now using BIM 
to avoid construction problems and prevent delays in construction, while the least number of 
interviewees revealed that they have a low level of BIM awareness and understanding.  
As the results from the qualitative and quantitative studies show, the majority of the 
stakeholders in the Saudi Arabian construction industry are aware of the importance of BIM 
but they do not fully understand its semantic or how it is used. This is the result of a lack of 
training and a poor educational system, as identified in both the literature and the results in 
this study.  Thus, educational institutions could provide a means for improving awareness of 
BIM by organising educational workshops together with industry professionals on the 
benefits of BIM and effective ways to implement and manage BIM in construction projects. 
The educational institutions could also incorporate BIM subjects and relevant modules into 
the training of students so that they graduate prepared for a construction industry with a BIM 
focus. Investment in BIM research by both government and construction industry could also 
promote awareness of BIM and inform industry professionals and clients on the various 
barriers to the implementation of BIM. 
9.3.3 Objective Number Three 
The third research objective was to empirically investigate the use of BIM and the 
barriers to its use in the Saudi Arabian construction industry.  This objective has two 
parts: (1) the status of BIM usage in Saudi construction organisations and (2) the barriers to 
its use. These two parts are therefore discussed independently. 
9.3.3.1 The Usage of BIM in Saudi Construction Organisations 
This part of the objective was achieved through a quantitative method and subsequently 
presented in Chapter 5 of this study. The result showed that 26.4% of the respondents have 
never used BIM in their organizations, while 36.1% of the respondents use BIM frequently. 
Taking the overall result, 73.6% of the respondents have used BIM in one way or the other. 
From this result, it can be seen that there is a usage of BIM among the various organizations 
in the Saudi Arabian construction industry. According to the literature, the low adoption and 
usage of BIM is largely dependent on the low level of awareness of it. Therefore, promoting 
awareness of BIM and its benefits to construction industry will invariably lead to an increase 





Collaboration and communication among the parties for its adoption will not only involves 
the technological aspects but also socio-cultural behaviour change in the construction 
industry. This means a change in the attitudes of the people involved (stakeholders) and the 
working practices in the construction industry. For the Saudi Arabian construction industry, 
the processes involved in sharing information, plan of work, and common data environment 
need to be improved to ensure a successful implementation of BIM. This could be made 
possible with government intervention and the creation of a BIM task group that would 
oversee the change in processes in the construction industry. 
According to the responses from the interviewees, BIM presents a number of barriers, despite 
the benefits it brings to the industry. Nevertheless, this should not cause alarm, because 
greater benefits usually come from overcoming inherent challenges. The major barriers 
identified in the qualitative study are lack of knowledge, cost of implementation, and fear of 
change from traditional methods. Other barriers are legal and contractual issues, team culture, 
client awareness and requirements, and lack of strict government rules and regulations. 
In the reviewed literature, the lack of knowledge and cost of implementation of BIM were 
identified to be the major barriers to BIM. Others were fear of change and the unwillingness 
to adopt an unfamiliar new technology. 
The results from the qualitative study in Chapter 6 revealed that quite a few fears were 
demonstrated by the interviewees in the study. Although all the interviewees were aware of 
the benefits that BIM could bring to the construction industry, they still had some 
apprehension regarding the adoption of new technology. The first major fear identified by the 
respondents was the initial cost together with the running costs of BIM. One of the 
respondents explained that the application of BIM meant considerable expenditure on any 
project and therefore its application would be a threat to their organizations profit margin. 
However, they failed to consider the likely reduction in the whole life cycle cost of a 
construction project implemented using BIM. 
9.3.4 Objective Number Four 
Objective four aimed to develop a framework and validate the strategies/framework for 
adopting and implementing BIM in the Saudi Arabian construction industry. In 
developing the framework for its adoption in the industry, this study considered the results 
captured from both the quantitative and qualitative data analysed as well as published best 





consideration the outcome of both qualitative and quantitative research, it was evident that 
BIM implementation in the Saudi Arabian construction industry required a strategic approach 
with an emphasis on collaboration between the parties, developing and training of personnel, 
and investment in the appropriate resources and tools. The results on the current reasons for 
BIM adoption, the barriers for implementation, and views on the benefits of BIM, as 
presented in the qualitative and quantitative results, implied that the framework for BIM 
implementation should be able to cover all the key areas identified in the outcome of the 
study. In line with the results, the National Building Specification periodic table for BIM 
implementation was reviewed and adopted in developing the strategic framework. However, 
in this case, the strategy considered issues particular to the Saudi Arabian construction 
industry, such as awareness, adoption, benefits and the barriers to the implementation of BIM 
in the country’s construction industry. The framework developed revolves around three core 
groups, identified as the government, the construction industry and educational institutions.  
The role of the government in the framework covers three main areas: setting up a national 
agenda for BIM, developing a BIM task group and investing in BIM for the benefit of the 
construction industry. Thus, to ensure a good foundation for the national adoption of BIM, 
the government needs to set up mandatory requirements for implementing BIM in publicly 
owned projects. This will help standardize practices within the construction industry and push 
construction companies and other parties to adhere to the required standards and embrace 
BIM. The major purpose of the task group in the framework is to ensure that a clear pathway 
is developed with an agenda and timelines to be monitored in order to achieve key 
milestones. Furthermore, the task group is responsible for measuring the Key Performance 
Index of the construction industry in terms of BIM implementation, and also reviewing the 
agenda every five years to address any challenges that have the potential to cause obstruction 
in meeting targets. In order to encourage the application of BIM, the government needs to 
support the construction industry with investment in technology, resources and BIM tools for 
the empowerment of personnel working in the Saudi Arabian construction industry.   
The role of the construction industry in the framework is to ensure that industry personnel 
invest in BIM technology, tools and other resources. The construction industry also needs to 
adopt new and modern ways of doing things through increased collaboration and 
communication among all the parties in the industry, improved processes of design and 
procurement, and enhanced ways of constructing buildings. The construction industry also 





for the industry. This requires investing in the training and education of people within the 
construction industry through organising BIM workshops and conferences to promote 
awareness and motivate cultural change in the industry. 
Finally, the role of the educational institutions in the framework is categorised into two main 
areas: (1) educating and training the construction industry in relation to the importance of 
BIM, the processes involved and best practices; and (2) promoting research into the 
performance of the construction industry and the identification of bottlenecks or barriers to 
BIM implementation. It is the role of the educational institutions to incorporate BIM subjects 
and relevant modules such as procurement routes, use of computer aided design and other 
inter-operable software, so that graduates become prepared for a construction industry with a 
BIM focus. 
These three core groups will greatly influence the key areas of BIM implementation in the 
developed framework. These key areas serve as a means to help policy makers, stakeholders 
and the BIM task group in achieving a smooth and successful BIM implementation in the 
Saudi Arabian construction industry. From the framework developed, it is expected that BIM 
adoption in this industry can start when the right policies are instituted and monitored against 
a key performance indicator (KPI). To ensure that the expected improvements are achieved 
when the strategic framework are put into real practice, this study conducted a research 
validation.  
The entire research findings were validated in Chapter 8 of this study, using both external and 
internal validation processes. The external validation process was carried out via the 
convergence analysis approach, using the respondents' validation. This involved obtaining 
participants’ opinions on the validity of the research outcome as well as evaluating the 
relevance of the framework in the construction industry. Interviews were conducted with 10 
professionals practising in the Saudi Arabian construction industry. Generally, the 
respondents were in agreement with the research findings and were of the opinion that the 
framework could help in the integration of BIM in the Saudi Arabian construction industry to 
enhance performance on construction projects. Thus, the feedback indicated that the 
framework was valid. However, the respondents made some observations about the 
framework and suggested improvements that would make the framework more valid for the 
study. Some of the points raised were the areas the framework did not consider, such as solid 





government to serve as an example, making Arabic the language required for implementation 
BIM, and creating a non-profit-making national centre for BIM training. 
9.3.5 Objective Number Five 
This objective was to draw conclusions and make recommendations to the Saudi 
construction industry regarding the future use of BIM in order to achieve better 
construction outcomes. To satisfy this objective the conclusions to the research and 
recommendations based on the findings of the research are discussed in detail in this chapter. 
9.4 OVERALL CONCLUSIONS 
 In context, the construction industry is a key player in the economic growth of Saudi Arabia; 
in fact, its share in the economic dynamism of the Kingdom of Saudi Arabia is expected to 
rise because of the country’s recent aim to develop its infrastructure and tourism industry. 
However, this intention could be a mere mirage, as the Saudi Arabian construction industry is 
slow in adopting new innovative technologies and is therefore faced, as mentioned, with 
inherent problems such as poor project management, design mistakes and discrepancies, 
delays in execution of work, and a lack of collaboration among project participants. The 
present study proposed tackling these problems through the adoption of Building Information 
Modelling (BIM). 
BIM is an innovative technology that permits all stakeholders in the built environment to 
team up more efficiently and accurately in order to deliver projects to the right specification, 
whilst within the stipulated budget as well as being on time. Consequently, BIM has been 
applied in several countries around the world with significant benefits recorded. However, 
there is no empirical evidence to show its successful full implementation in the Saudi Arabian 
construction industry. It is against this background that this study bridged the already-
mentioned research gap by employing the use of quantitative and qualitative research 
methods in developing a framework for the successful implementation of BIM.  
A critical and in-depth literature review was carried out to distinguish the functionalities of 
BIM in the construction industry. The result among others revealed that BIM improves inter-
operability and collaboration among stakeholders in the construction industry and therefore 
produces best quality design, enhances cost reduction and minimizes the time of project 
delivery. Furthermore, it goes beyond three dimensional (3D) properties to produce cost 
estimates, a program of work, and facility management related information, as well as 





BIM in the construction industry. Unfortunately, the level of awareness of and familiarity 
with BIM in the Saudi Arabian construction industry was revealed through the quantitative 
analysis to be quite low though gradually emerging. This situation could be improved through 
the development of a strategic framework or guidelines that incorporate awareness programs 
or procedures that call for a complete change of attitudes and a mind-shift from poor 
traditional practices that yield less value, towards an innovative practice like the BIM 
integrated project delivery approach.  
9.4.1 Use of BIM  
On the issue of implementation, the quantitative analysis in this study discovered there is 
already usage of BIM in the Saudi Arabian construction industry. This result is consistent 
with the literature, which had revealed that nearly 25% of construction projects in the Middle 
East employ the BIM technology. However, it is imperative to mention that not all 
construction organizations in the Middle Eastern region who claim to use BIM employ it as 
an integrated tool for construction projects, and therefore these categories of organization do 
not benefit from the full capacity that BIM offers.   
9.4.2 Awareness of BIM 
As mentioned, the result from this study revealed the awareness of BIM among professionals 
in the Saudi Arabian construction industry to be quite low but gradually emerging. Through 
an in-depth investigation, it was revealed that the majority of those who are aware of BIM are 
top-rank stakeholders (that is, project managers, civil engineers and company directors) who 
have the potential to disseminate what BIM really entails. Thus, it was suggested that training 
personnel on the advantages of BIM and the processes involved in BIM implementation will 
be essential. 
9.4.3 Drivers of BIM Implementation 
The result of the study showed that the majority of construction organizations who use BIM 
do so because of its perceived benefits (cost savings, efficiency, quality and increase in 
productivity) and also to meet clients’ expectations and requirements. Therefore, these 
drivers could be exploited when presenting construction stakeholders with the advantages of 
implementing BIM.  
9.4.4 Barriers to BIM Implementation 
In line with the objective of identifying the barriers of BIM usage in the Saudi Arabian 





to be lack of knowledge of BIM, initial and running cost of BIM implementation and fear of 
change from traditional methods. Furthermore, the fear of change from traditional methods 
was also observed and the respondents equally identified the major barriers as cost of 
implementation of BIM, lack of knowledge, and the training of personnel. The interviewees 
in the study were confident that if these top three barriers could be eradicated, BIM would be 
adopted easily in the Saudi Arabian construction industry.  
9.4.5 Strategies for BIM Implementation 
 On the strategies that would facilitate BIM adoption in the Saudi Arabian construction 
industry; the first strategy identified was that the government should be the main anchor in 
the creation and enforcement of new rules and standards for BIM adoption in the industry. 
The second was the creation of a BIM task group and collaboration with BIM experts who 
would assist the Government in putting BIM adoption on the right track. The final strategy 
would entail increasing the level of awareness and knowledge of BIM through conducting 
conferences, seminars, workshops and training sessions and introducing BIM into the 
curriculum of educational institutions. 
9.4.6 Response to the Conclusions 
The strategies suggested above are intended as important recipes for an effective and 
successful adoption of BIM in the Saudi Arabian construction industry. However, the 
implementation of BIM will obviously need strategic guidelines to obtain the required 
outcome. It is therefore against this need that this study developed a strategic framework 
which would serve as a roadmap for the implementation of these strategies in the Saudi 
Arabian construction industry. The strategic framework was designed by considering the 
results captured from the analysis of the quantitative and qualitative data in this study as well 
as published best practices from other countries where BIM has been successfully employed. 
In line with this statement, the strategic framework was richly designed, by equally 
considering the particular issues in the Saudi Arabian construction industry. Accordingly, the 
framework is expected to guide the successful adoption of BIM in the Saudi Arabian 
construction industry under government leadership and support, with a flexible means to 
monitor progress, measure performance against set targets, identify and address challenges 





9.5 RECOMMENDATIONS TO PRACTITIONERS AND POLICY MAKERS 
Having considered the findings and conclusions from this research, the following 
recommendations are suggested: 
 Educational institutions and construction organizations should periodically create 
awareness events through, for instance, workshops, seminars and conferences on the 
various benefits, barriers and counter-barriers of BIM practice, so that all the 
interested parties become deeply aware of what they are opting into. 
 There should be a collaborative effort between the government, educational 
institutions and the construction sector to provide training on BIM through short 
courses and certified qualifications, and also to incorporate BIM into the academic 
curriculum in the universities and colleges with teach courses in architecture and 
engineering. In addition, BIM training and education curricula should be continuously 
updated based on international best practices to drive innovation, behavioural and 
cultural change. 
 The government should establish policies that mandate the use of BIM as a key 
requirement for awarding and executing its minor and major projects.  
 A task group comprising major industry professionals and policy-makers should be 
created to oversee the government intervention and change in process of BIM. Among 
the duties of the task group should be that of developing a clear pathway and agenda 
for implementing BIM, and to measure the Key Performance Index of BIM 
implementation and set targets. 
 The construction industry should advocate a complete mind-shift from traditional 
practices that yield little value towards a more innovative and sustainable approach 
such as BIM. 
 The construction and consultancy organizations should be required to make 
investments in the form of BIM technologies, tools and other resources that could 
promote or facilitate the implementation of BIM. 
 In implementing the strategic framework proposed in this study, there is a need to 
acknowledge that issues are likely to come up. Therefore, a careful attempt to identify 
these issues ahead of time and put in place measures to address them at appropriate 





9.6 RECOMMENDATIONS FOR FUTURE RESEARCH 
 Deeper research should be undertaken on the barriers in order to stipulate a much 
more detailed and extensive range of strategies which can be exploited to address 
these.  
 Additional research should be carried out at wider level to focus on creating a BIM 
framework for the full adoption of BIM that can be applicable to the construction 
industry globally to reap the full benefits of its implementation. 
 Further research should be taken to study the performance and effectiveness of BIM 
utilisation within the Saudi Arabian construction industry in order to measure the 
actual benefits of innovative BIM processes and technology.  
 Future research can be conducted on the client’s use of BIM. The investigation can be 
carried out to draw a clearer picture so as to enhance the understanding of the client’s 
knowledge regarding BIM usage within the Saudi Arabian construction industry. 
 A wide range of future studies can be conducted, based on the integral parts of BIM 
such as the use of BIM in the construction industry to improve safety during 
construction projects in Saudi Arabia.  
9.7 CONTRIBUTIONS TO KNOWLEDGE 
This research has provided an insight into BIM adoption and implementation in the Saudi 
Arabian construction industry by investigating the current factors leading to the aspect of 
adoption. As part of the process, the research has made contributions to knowledge on the 
subject, most importantly in the Saudi Arabian construction industry. Although previous 
research had presented information on BIM implementation in the construction industries in 
other countries, this research has contributed by showing the factors specific to Saudi Arabia 
that impact BIM implementation, and this provides the knowledge for improving the 
adoption and implementation of BIM in Saudi Arabia and also other areas within the Arabian 
Gulf region. It is believed that the framework for BIM adoption developed by this research 
forms a good basis for deepening the current body of knowledge on BIM adoption and 
implementation in Saudi Arabia and elsewhere within the Arabian Gulf region. The 
implementation guide also serves as a source of knowledge for practice and for research as it 
can form the basis for more BIM related research specific to Saudi Arabia and/or the Arabian 
Gulf region. By reviewing and capturing data on the existing level of awareness in Saudi 
Arabia, this research provides the knowledge required for understanding the current level of 





existing level of BIM awareness and adoption in the Saudi Arabian construction industry in 
Chapters 5 and 6. Thus, the result could serve as a baseline for researchers and industry 
professionals to introduce strategies to improve the current situation. 
 The barriers and counter-barriers of adopting BIM in KSA are identified in this study 
(in Chapters 5 and 6) could help prepare the mindset of interested parties opting for 
BIM implementation. Chapters 2 and 3 support this finding 
 This study establishes scientific facts that provide a greater understanding of BIM and 
its numerous benefits which have the potential to improve the successful delivery of 
projects whilst maintaining quality, within the approved budget, and on time. 
 The best practice framework for BIM implementation produced by this research 
serves as a basis for improving BIM implementation in the Saudi construction 
industry by providing information about the most important factors that need attention 
in the process. The step by step implementation guide provided by this research serves 
as a source of knowledge for new research which can help in improving the 
applicability and adoptability of the framework.  
 
9.8 SUMMARY OF CHAPTER NINE  
Chapter 9 presented how the objectives in this study were achieved, the summary of findings, 
overall conclusions, recommendations and contributions to knowledge drawn from the entire 
research. Each of the objectives in the study was restated while reporting in detail the 
method(s) employed to achieve it, the results obtained and some validation of the results from 
the literature. The report was then briefly presented under the overall conclusion section to 
put forward all the research findings in a summarized form. To conclude the chapter, some 
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Dear Potential Respondent,  
My name is Saud Alhumayn and I am a PhD research student of the University of 
Wolverhampton, UK. I am researching an area of Construction Management, under the 
supervision and guidance of Professor Issaka Ndekugri and Dr Ezekiel Chinyio. I am 
currently in the process of gathering data for my research entitled: An Investigation of the 
Effective Use of BIM in the Kingdom of Saudi Arabia and the Development of Strategies 
for Overcoming any Associated Barriers. 
I would like to invite you to participate in the above research project as you have been 
identified firstly, as working with a construction organization that is operating in Saudi 
Arabia and secondly, having a familiarity with and understanding of BIM.  
Completion of the questionnaire will take approximately 30-45 minutes and all questions can 
be answered by following the simple instructions. Any information you provide will remain 
confidential and anonymous. Your responses will be used to compile and analyze statistical 
data in order to gain a better understanding of this area of interest. No names of individuals or 
their organizations will be mentioned in any report of this research. 
Please note that all data gathered for this research will be stored securely and destroyed after 
the research thesis has been submitted. My supervisory team and I will be the only people 
who will have access to this data. Please note that you can complete the questionnaire online 
at https://www.surveymonkey.com/r/78DBWLB or via the attached hard copy. Either way, 
please endeavour to complete the survey by 27th July, 2016. If you are completing the paper 
copy, then please return it to me directly. Once completed, a summary of the results will be 
available on the conclusion of the research. If you wish to obtain a copy of these results, 





Thank you for taking the time to consider this invitation and if you choose to participate in 
this research, I would like to extend my personal gratitude; your contribution is greatly 
appreciated. 
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التحقق من جدوى استخدام نمذجة معلومات البناء في هذا االستبيان جزء من دراسة الدكتوراه الهدف من الدراسة هو "
 المملكة العربية السعودية وايجاد االستراتيجية المناسبة ألي عوائق".
 بحثي وأختيار المشاركين تم بناء على:أعاله مشروع 
 بناء واألنشاءات في المملكة العربية السعودية.: العمل في بيئة الأوال
 (.BIM: وجود دراية ومعرفة في نمذجة معلومات البناء )ثانيا
 جميعومن وقتكم دقيقة  30- 20 حوالي االستبيان يستغرق هذاسوف  ي الذيالبحث المشروع وأود أن أدعوكم للمشاركة في
 البسيطة.  عن طريق اتباع التعليمات عليهاسئلة يمكن اجإجابةاأل
تقدمها تظل سرية ومجهولة المصدر. وسيتم استخدام ردودكم على تجميع وتحليل البيانات  سوف المعلومات التي جميعإن 
األفراد أو المنظمات في سواء أسماء  لن يتم ذكر اي. الفائدة والفهم االفضل لهذه الدراسةاجإحصائية من أجل الحصول على 
 أي تقرير من هذا البحث. 
 يتمبعد أن تدميرها  وسوف يتم آمن ها في مكانى مالحظة أن جميع البيانات التي تم جمعها لهذا البحث سيتم تخزينيرج
 عبر الرابط االستبيان على االنترنت  تعبئةبحثية. يرجى مالحظة أنه يمكنك الطروحة األتقديم 
https://www.surveymonkey.com/r/78DBWLB 
نسخة المن  يتنتها. إذا 2016 يوليو 27قبل  الستبيانمطبوعة المرفقة. وفي كلتا الحالتين، يرجى إكمال االنسخة الأو عبر  
 لي مباشرة.  اإعادته يرجى ورقيةال
على نسخة من هذه النتائج، يرجى لنتائج سوف يكون متاح في ختام هذا البحث. إذا كنت ترغب في الحصول املخص 
 اجإشارة إلى ذلك، وتقديم تفاصيل االتصال الخاصة بك. 
 
 
 م.مساهمتكلعن امتناني الشخصي؛ لكم ، أود أن أعرب ا االستبيانللنظر في هذكم وقت نا جزء منشكرا ألخذ
 تفضلوا بقبول فائق االحترام، 
 
 














QUESTIONNAIRE (As Used) 
 
Research Title: An Investigation of the Effective Use of BIM in the Kingdom of Saudi 
Arabia and the Development of Strategies for Overcoming any Associated Barriers.  
بية السعودية وايجاد االستراتيجية التحقق من جدوى استخدام نمذجة معلومات البناء في المملكة العرعنوان الرسالة: 
 المناسبة ألي عوائق.
 
Instructions: 
 Please answer all questions.  
 Given below are a number of statements/questions associated answer. Select the most 
appropriate answer/s by putting ‘X’ in the appropriate box.  
 Sometimes, none of the given statements may exactly describe your situation 
or understanding. When that is the case, you can provide an alternative answer 
which describes you, or your situation, more accurately.  
 Please note that there is no right or wrong answer/s. 
 Please read each question carefully before selecting your answer/s as some may 
require you to tick more than one response.  
 
  تعليمات:
  .الرجاء اجإجابة على جميع األسئلة 
 عن طريق وضع  في االستبيان التالي مجموعة من االسئلة يرجى االختيار'X'  .في الخانة المناسبة 
  في بعض االحيان ال تجد االختيار المناسب الذي يتوافق مع رؤيتك وفهمك في هذه
 . ال ورؤيتكالحالة يرجى اختيار اقرب اختيار يتوافق مع فهمك للسؤ
  او صواب في االجابات.يرجى مالحظة أنه ال يوجد خطأ 
  يكون متاح اختيار اكثر من اجابة قداالسئلة بعض في يرجى قراءة كل سؤال بدقة قبل اختيار إجابتك كما . 
 
 
Part 1 - Demographic Information                                               امة( معلومات ع1الجزء  
1) What is your age group?                                                           :ماهي فئتك العمرية 
18 – 25 years 26 – 35 
years 
36 – 45 years 46 – 55 years  Over 55 years 
     
 
 























      
      
3) How many years of work experience do you have pertaining to construction projects? 
 كم عدد سنوات خبرتك في مشاريع البناء ؟                                                                   
1 to 5 
years 
6 to 10 
years 
11 to 15 
years 
16 to 20 
years 




      
 
4) How many years of work experience do you have pertaining to construction projects 
in Saudi Arabia?                         كم عدد سنوات خبرتك في مشاريع البناء في السعودية؟  
1 to 5 
years 
6 to 10 
years 
11 to 15 
years 
16 to 20 
years 




      
 
5) Which of these describes your organization? 









    
Other type - please specify………                                                                ………. اخرى 
 
6) What is your current position, or job description, within the organization?  



































        
Other description - please specify………                                                 ................. منصب اخر
      
 
7) What is the number of employees in your organization? 
 كم عدد الموظفين في الجهه التي تعمل لديها ؟
1 to 10 11 to 49 50 to 249 250 to 999 More than 1000 
     
 
8) What types of construction project does your organization undertake? 
التي تعمل عليها الجهه التي تعمل لديها؟ما هي أنواع المشاريع   
Public sector works 
 مشاريع عامة 
Private sector works 
 مشاريع خاصة
Works for both the Public and 
Private sectors  
 مشاريع عامة وخاصة معا
   
 
9) Your organization specializes in which type/s of construction projects? (NB: You may 
select more than one) 


















 سدود وبنية تحتية
      
Other types - please specify…………                                                         ......................أخرى
               
10) What is the highest cost of projects in which your organization has been involved? ما  
 هو اكبر مشروع من ناحية القيمة عملت فيه الجهه التي تعمل لديها ؟                               
Small and Medium 
Sized Projects 





1- 50 million Saudi 
Riyals 
51-250 million Saudi 
Riyals 
+250 million Saudi Riyals 





مليون لاير سعودي 50-1من  مليون لاير سعودي 250-51من    
   
 
Part 2 – The Use of BIM in the Construction Industry of Saudi Arabia  
معلومات البناء في المشاريع في المملكة العربية السعودية استخدام نمذجة - 2الجزء   
 
11) How familiar are you with 'Building Information Modelling' (BIM)? 
 كيف تقيم مستواك في استخدام نمذجة معلومات البناء ؟
Not aware 







سط المعرفةمتو  
Well 
versed in it 
 متمكن الى حد ما
An expert user 
 مستخدم خبير
     
   
12) How many BIM training/coaching sessions have you attended within your 
organization? (Include in-house training, short courses, workshops and seminars in 
your response) 
عدد الدورات التدريبية لنمذجة معلومات البناء التي قمت بحضورها عن طريق جهه العمل التي تعمل لديها )يشمل  كم
 التدريب الداخلي, دورات قصيرة, ورش العمل والندوات(
None 1 2 3 4 More than 4 
      
 
13) How many BIM training/coaching sessions have you attended outside your 
organization? (Include in-house training, short courses, workshops and seminars in 
your response) 
كم عدد الدورات التدريبية لنمذجة معلومات البناء التي قمت بحضورها خارج جهه العمل التي تعمل لديها )يشمل 
 التدريب الداخلي, دورات قصيرة, ورش العمل والندوات(
None 1 2 3 4 More than 
4 
      
 
 











15) Are you aware of any BIM software or tool? 
 هل لديك معرفة في اي من تطبيقات نمذجة معلومات البناء؟
Answer Yes نعم No ال 
Tick on this row   
Action Continue to question 16 
16اجب على السؤال   
Skip to question 16 
16ال تجب على السؤال   
 
16) Please indicate the frequency with which your company uses BIM 
software/tools/applications: 









    
If never used please Skip (Q17)                    ( 17اذا لم تستخدمة مطلقا ال تجب على السوال)  
 
17) Please indicate the reasons for using BIM within your organization: (You may select 
more than one) 

























 are avoided 
تقليل األعمال 
وتجنب الورقية 
























عمل قبل فريق 
المشروعفي   
      
Other reasons - please specify…………                                            ................... أخرى



















18) Please indicate which of the following processes in your opinion are 
improved/streamlined by using BIM instead of 2D/3D CAD: (You may select more than 
one) 
اي من هذه العمليات من وجهة نظرك تتحسن بعد استخدام نمذجة معلومات البناء بدل من البناء بالطرق التقليدية ثنائي 














































       
Other reasons - please specify…………                                    ........................... أخرى 
 
19) Please indicate the software that your company currently uses for managing 
construction projects: (You may select more than one) 




























to see the 
project in 
visuals] 







budgets as well 
as multiple 
projects with an 
interactive 
Gantt chart] 

























      
Use of other software - please specify…………                           ........................ أخرى






20) Please indicate the specific BIM software used by your company where applicable: 
(You may select more than one) 



















































































       
Other type - please specify………… .............................                                            أخرى




For parts 3, 4 and 5 of this questionnaire please answer on a scale of 1-5, where:  
1 is ‘strongly disagree’, 2 is ‘disagree’, 3 is ‘neutral’, 4 is ‘agree’ and 5 is ‘strongly 
agree’. 
  تعليمات:
  :حيث ،5-1من  على مقياس الرجاء اإلجابة من هذا االستبيان 5و  4و  3لالجزاء 








Part 3 - Awareness and Benefits of BIM in the Construction Industry of Saudi Arabia 
.في صناعة البناء في المملكة العربية السعودية نمذجة معلومات البناء وفوائدالوعي  – 3 جزءال  
 Please provide your opinion to the following 
questions or statements 
 يرجى تقديم رأيك على هذه االسئلة
Your opinion 
1 2 3 4 5 
21 There is a growing awareness of BIM usage in Saudi 
Arabia.        في المملكةنمذجة معلومات البناء الستخدام متزايد هناك وعي  
العربية السعودية.   
     
22 There is a growing demand for BIM usage in Saudi 
Arabia.         في المملكةبناء نمذجة معلومات الالستخدام متزايد هناك طلب  
العربية السعودية.       
     
23 The using of BIM will shorten the overall project 
timescale. 
.للمشروع ر الجدول الزمنييقصمعلومات البناء تساعد على تنمذجة   
     
24 The use of BIM reduces the overall project cost. 
للمشروع.قلل من التكلفة اإلجمالية البناء يمعلومات نمذجة استخدام   
     
25 The use of BIM minimizes construction conflicts. 
في المشاريعالنزاعات معلومات البناء تقلل نمذجة استخدام   
     
26 The use of BIM makes information more accessible to 
project team members. 
جميع اعضاء المشروع. تجعل المعلومات في متناول اءذجة معلومات البنمن  
     
27 The use of BIM can improve the design of a building. 
 استخدام نمذجة معلومات البناء يساعد على تحسين التصاميم للمشروع
     
28 The use of BIM makes communication more 
straightforward. 
مات البناء يجعل التواصل بين اعضاء الفريق اسهل.استخدام نمذجة معلو  
     
29 The use of BIM makes project sequencing/scheduling 
easier. 
 استخدام نمذجة معلومات البناء يسهل تسلسل انشطة المشروع وجدولتها
     
30 Full project Life Cycle evaluations can be conducted 
using BIM. 
اجراء عمليات تقييم دورة حياة كاملة للمشروع باستخدام نمذجة يمكن 






31 A real time model of the project can be visualized with the 
use of BIM.  
 يمكن تصور الوقت الحقيقي للمشروع باستخدام نمذجة معلومات البناء
     
 
Q32 Comment generally about the benefits of using BIM in the KSA:  





Q33 Comment generally about the awareness of BIM in the KSA:  






Part 4 - Barriers to Adopting BIM in the Saudi Construction Industry  
 الحواجز أو الموانع التي تحول دون اعتماد نمذجة معلومات البناء في المملكة العربية السعودية
No. Please provide your opinion to the 
following questions or statements: 
 يرجى تقديم رأيك على هذه االسئلة
Your opinion 
1 2 3 4 5 
34 BIM is not required by clients. 
 نمذجة معلومات المباني غير مشروطة من قبل العميل
Clients do not request the use of BIM software in developing 
architectural and engineering designs and analysis. 
العميل ال يطلب استخدام نمذجة معلومات البناء لتطوير التصاميم المعمارية 
 واالنشائية وعمليات التحليل
     
35 There is no (legal) practice guide to support the use of 
BIM in Saudi Arabia.  
البناء في  ال يوجد هناك دليل استخدام قانوني لدعم مستخدمين نمذجة معلومات
 السعودية. 





No legal backing as to who owns the model and how the 
model will be exchanged among the team members. 
نموذج بين النموذج وكيف سيتم تبادل اللك تسند قانوني على من يم يوجد ال
.أعضاء الفريق  
36 BIM is not required by team members such as architects 
and engineers. 
من قبل أعضاء الفريق اآلخرين مثل  ةغير مطلوبنمذجة معلومات البناء 
 المعماريين والمهندسين.
Team members do not request the use of BIM to develop a 
project design model or to extract information. 
معلومات المباني لتطوير نموذج  استخدام نمذجة ونطلبيأعضاء الفريق ال 
معلومات من النماذج. خذالمشروع أو ال في تصميمال  
     
37 BIM software are too expensive. 
باهظة الثمنبرامج نمذجة معلومات البناء   
Software prices are too high to the extent that only mega 
firms can afford their user license. 
ر البرمجيات مرتفعة جدا لدرجة أنه ليس هناك سوى الشركات الكبرى التي أسعا
يها.تستطيع الحصول عل  
     
38 BIM is difficult to learn. 
.نمذجة معلومات البناء من الصعب تعلم  
It takes time to learn all the tools in BIM and it is difficult to 
understand its functions. 
وأنه من  بناءرق وقتا لتعلم جميع األدوات في برامج نمذجة معلومات اليستغ
 الصعب أن نفهم وظيفة القوائم المختلفة على البرامج.
     
39 The non-availability of a parametric library hinders the 
uptake of BIM. 
معلومات المبانيعدم توفر مكتبة او كود خاص لنمذجة   
Parametric object library that will enhance easier 
development of models using local building standard codes is 
not available in Saudi Arabia. 
النموذج باستخدام قوانين  فيالتنمية  و تسهيلمكتبة او كود التي من شأنها تعزيز
ربية السعودية.البناء القياسية المحلية غير متوفرة في المملكة الع  
     
40 It takes a longer time to develop a BIM model. 
معلومات البناء  لتطوير نموذج طوياليستغرق وقتا   
More time is spent in developing a BIM model compared 
with just using 2D CAD. 
لطريقة اأكثر من  معلومات البناء تطوير نموذجلمن الوقت  كثيرال يستغرق
 التقليدية
     
41 There is a lack of competent staff in Saudi Arabia to 
operate the BIM software. 
نمذجة معلومات البناء هناك نقص في الموظفين األكفاء لتشغيل برمجيات  
Majority of the available personnel are not conversant with 





BIM, and those who are competent, are not easy to reach and 
are very expensive to hire or employ. 
ى المام كامل في نمذجة معلومات الغالبية العظمى من األفراد المتاحين ليسوا عل
، وأولئك الذين يتمتعون بالكفاءة ليس من السهل الوصول إليهم، ومكلف جدا البناء
.احدهم الستئجار أو توظيف  
42 BIM does not add much value to our organization. 
.لجهه التي انتمي لهاال تضيف قيمة كبيرة لنمذجة معلومات المباني   
BIM is not believed to add value to the work done by our 
organization. 
في تضيف قيمة إلى العمل الذي تقوم به  ان نمذجة معلومات المبانيال اعتقد 
هه التي انتمي لهاالج  
     
 
Q43 Comment freely on any other barriers to the use BIM in the KSA: 






Part 5 - Strategies for the Greater Adoption of BIM in the Saudi Construction Industry 
االستراتيجيات الكبرى العتماد نمذجة معلومات البناء في المملكة العربية السعودية:  -5الجزء  
 Please provide your opinion to the following 
questions or statements: 
 يرجى تقديم رأيك على هذه االسئلة
Your opinion 
1 2 3 4 5 
44 The importance of BIM should be further promoted with 
construction clients in KSA. 
لمشاريع في السعوديةأهمية نمذجة معلومات البناء يجب ان تبين لمالك ا  
Service providers should embark on mass organization of 
workshops, seminars and symposia on BIM. 
 توضيح وبيان اهميةالشروع في  خدمات نمذجة معلومات البناءيجب على مقدمي 
 نمذجة معلومات البناء
     
45  The use of BIM should be regulated. 
نمذجة معلومات البناء ستخدامال الالزمة التشريعات وضع  
The Saudi Government should introduce a policy that will 





encourage, and subsequently oblige, construction 
organizations and professionals to use BIM for all designs. 
ؤسسات الحكومية وغير يع المجم تفرض علىالحكومة السعودية ان تشجع وعلى 
في البناء باستخدام نمذجة معلومات البناء والمحترفين ذات العالقة الحكومية  
46 The training of construction staff on using BIM is needed 
now. 
 الحاجة العاجلة الى تدريب الكوادر على نمذجة معلومات البناء
In house training and short courses regarding BIM should be 
encouraged by all Saudi construction organizations. 
ان  ينبغي نمذجة معلومات البناء دورات قصيرة بشأنعقد واالتدريب في المنزل 
السعوديالبناء  في من قبل جميع المنظمات يكون  
     
47 BIM should be introduced in the curricula of Saudi 
Arabian universities. 
نمذجة معلومات البناء ينبغي ان تكون ضمن الخطة الدراسية في الجامعات 
 السعودية 
Compulsory teaching of BIM in both Undergraduate and 
Postgraduate courses of Architecture and Construction 
Management. 
في الدراسة الجامعية والدراسات العليا في اء لنمذجة معلومات البن التعليم اجإلزامي
 الهندسة المعمارية والهندسة المدنية
     
48 More efforts are needed to make BIM inter-operable. 
 الحاجة لمزيد من الجهد لجعل نمذجة معلومات البناء قابلة للتشغيل
Development of local parametric library embedded in a 
national BIM server. 
     
49 Adopting BIM will give Saudi construction organizations 
an added value. 
قيمة اكبر السعودي تشييدسوف يعطي منظمات ال نمذجة معلومات البناء اعتماد  
     
50 The changes needed by Saudi organizations in order to 
adopt BIM are too problematic. 
عتماد نمذجة في المؤسسات الحكومية والغير حكومية ال الالزمة ءاتاإلجرا
معقدة.معلومات البناء   
     
51 The Saudi Government specifically and actively provides 
support to encourage the adoption of BIM by construction 
organizations. 
نمذجة معلومات عتماد الشجع ي المعنوي هلدعم للة م الحكومة السعودييتقد
.المؤسسات الحكومية والغير حكومية من قبلالبناء   





52 The Saudi Government specifically provides financial 
subsidy to promote the adoption of BIM by construction 
organizations. 
نمذجة معلومات شجع اعتماد يمالي بنشاط لدعم اللم الحكومة السعودية يتقد
.المؤسسات الحكومية والغير حكوميةمن قبل البناء   
     
53 A law is needed to compel practitioners to use BIM. 
على  المؤسسات الحكومية والغير حكوميةنحن بحاجة الى قانون يجبر هل 
 استخدام نمذجة معلومات البناء
     
 
Q54 Comment freely on any other effective strategies for adopting BIM in the KSA: 





END OF QUESTIONNAIRE 
THANK YOU AGAIN FOR YOUR CO-OPERATION WITH AND RESPONSES TO 
THIS SURVEY. 













APPENDIX 2 INTERVIEW QUESTIONS, COVER LETTER 
AND CONSENT FORM 
 INVITATION LETTER TO RESEACH PARTICIPANTS  
 
Saud Alhumayn  
University of Wolverhampton                                                                                                         
S.Alhumayn@wlv.ac.uk 
 20 Dec 2016 
 
An Investigation into the extent of the use of BIM in the Saudi Arabian construction 
industry, and the barriers to its use, and to propose strategies for its effective 
implementation or adoption 
  
Dear Potential Participant, 
My name is Saud Alhumayn, and I am a PhD Research Student at the University of 
Wolverhampton working under the supervision of Dr Ezekiel Chinyio and Prof. Issaka 
Ndekugri. As a part of my research I will be carrying out a set of interviews to help to gain 
further insight into the problem of BIM adoption and implementation in the construction 
industry of Saudi Arabia.  
I would like to invite you to participate in the above mentioned research, as you have been 
identified as a Saudi Arabian construction industry professional. If you agree to participate 
you will be asked to: 
 Participate in an interview (of maximum 45-60 minutes duration) with me to answer 
questions regarding the adoption of BIM in construction organizations in Saudi 
Arabia in terms of the benefits of BIM and the type of strategies that can be put in 
place for its implementation. 
 Questions will be topic specific and not of a personal nature, and you will not be 
asked to reveal any information which your organization would regard as sensitive 
and not for public disclosure.  
 Please complete the attached consent form and return it to me. 
 
With your agreement, interviews will be recorded then transcribed. You may review, edit or 
erase the transcripts and recordings of your interview if you wish to do so.  Recordings will 
then be destroyed. Your responses will be treated as confidential and computer transcripts 
will not contain references to any personal names (including yourself) or organizations, and 
all data will be stored securely.  
 
Once completed a summary of results will be available at the conclusion of the research 
study. If you wish to obtain a copy of these results, please provide your contact details. 
Please note that all data gathered for this research will be stored securely and destroyed after 
the dissertation has been submitted. My supervisors and I will be the only people who will 





Thank you for taking time to consider this invitation and if you choose to participate in this 
research I would like to extend my personal gratitude: your contribution is greatly 
appreciated. 
  
Yours sincerely    
































RESEACH PARTICIPATION: CONSENT FORM FOR INTERVIEWEES 
 
                                                                                                  Saud Alhumayn                                                                                                                   
 University of Wolverhampton                                                                                                                       
S.Alhumayn@wlv.ac.uk  
20 Dec 2016 
 
An Investigation into the extent of the use of BIM in the Saudi Arabian construction 
industry, and the barriers to its use, and to propose strategies for its effective 
implementation or adoption 
  
CONSENT STATEMENT 
 I agree to participate in the above research project and give my consent freely. 
 I understand that the project will be conducted as described in the invitation Letter, a 
copy of which I have retained. 
 I understand that I can withdraw from the project at any time and do not have to give 
a reason for withdrawing. 
 I consent to participate in an interview with the researcher. 
 I understand that my personal information will remain confidential to the researcher. 
 I understand have the right to remain anonymous and not be identified by name. 
 I have had the opportunity to have questions answered to my satisfaction. 
 
Print Name of Interviewee:  
Signature of Interviewee: ______________________ Date: _________ 
 
Researcher Name: Saud Alhumayn 
Contact Address: University of Wolverhampton, Faculty of Science and Engineering, 
School of Architecture and the Built Environment, WV1 1LY 








1. Please can you tell me about your job, position and name of your organization? 
2. Please may I know in which sector of the construction your company mostly 
operates? What is the organization’s speciality and area of operations?  
3. How do you communicate and share construction project information with the 
different members of the project team? 
4. In terms of sharing projects designs, does your organization use 3D models or 
still use 2D? Which other methods do you use? 
5. What are your opinions regarding the understanding of BIM? 
6. Are you aware of the potential benefits of BIM to your organization? 
7. In your opinion what do you think are the main barriers and fears for your 
organization in adopting BIM? Please can you elaborate? 
8. In your opinion what do you think are the main challenges facing or that could 
face BIM implementation in the Saudi construction industry? Please can you 
elaborate on how these could be addressed? 
9. In your opinion what do you think are the strategies for BIM adoption in KSA? 
How do you think the long-term benefits of BIM can be realised? 
10. Who do you think are the main actors to ensure the adoption of BIM in Saudi 
Arabia?  
11. What do you think is the government role in achieving successful BIM adoption 
in KSA? 
12. In your opinion is BIM education and training important to develop a core set of 
skills as a strategy for BIM adoption? 
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